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SULFONAMIDE INHIBITORS OF HIV-ASPARTYL PROTEASE 



TECHNICAL FIELD OF THE TWVRWTTnw 

The present invention relates to a novel 
class of siilfonamides which are aspartyl protease 
5 inhibitors. In one embodiment, this invention relates 
to a novel class of HIV aspartyl protease inhibitors 
characterized by specific structural and 
physicochemical features. This invention also relates 
to pharmaceutical con5)ositions conprising these 
10 confounds. The con^jounds and pharmaceutical 

con^jositions of this invention are particularly well 
suited for inhibiting HIV-i and HIV-2 protease activity' 
and consequently, may be •advaritageously used as anti- 
viral agents against the HIV-i -Md HIV-2 viruses. This 
invention also relates to methods for inhibiting the 
activity of HIV aspartyl protease using the coftppunds: 
of this invention and methods, for screening cc^dimA^. 
for anti-HIV activity. ■■ • • '1 ' ^" 



15 



20 



■ • BACKGROm n OF THE fNVENTTnN 

... ^® hxjman iiHraunddef iciency virus ("HIV jinas^'i 
the causative agent for acquired 'imraunodef iciency^^^ -^^^ ■ ' 
syndronie ("AIDS-) --a disea8<i:^chaS^cterized by; thS^. S 
destructionS,of the immune "syag^, particularly ' 6i;:.aE)4 

attendant susciptibility to opportuniltic' 
25 . infeetiidns and it? precursor AIDS- related c^^ 

("ARC") -- a syndrome characterized 'by symptoms such as 
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persistent generalized lynphadenopathy, fever and 
■ weight"" loss ."" 

As in the cases, of several other retroviruses, 
HIV encodes tHe production of a protease which carries 
5 but post-translational cleavage of precursor 

polypeptides 'in a process necessary for the formation 
of infectious virions (S. Crawford et al., "A Deletion 
Mutation "in the 5' Paurt of_the ppl Gene of Moloney 
Murine LeuJcemia Virus Blocks Proteolytic Processing of 
10 the (gag aihd pol Polyproteins" . J. Vi-rnl , . 53, p. 899 
(1985)) . liiese gene products inciude doI, which 
encodes the virion RNA- dependent DNA polymerase 
(reverse transcriptase) , an' endonuclease, HIV protease, 
and aaa, which encodes the core- proteins of the virion 

-^^^ Toh et al., "Close Structural Reseni)lance Between 

' Putative Polymerase of a Drosophila Transposable 

- Genetic Efement 17.6 and' jpol gene,- product of Moloney 

• • Murine Leukemia Virus", aEQ_i..".4, p.. 1267 (1985); 

• ■■ -h .-fl-. -^Peari " e t ai . , "A Structural "Model for the 

20: Retroviral Proteases", |JaEHre,"'pp: 329-351 (1987); M.D. 

- ; Power - et al". / ' "Nucleotide Sequence, of. SRV-l. a Type D 

Simian Acquired immune Deficiency Syndrome Retrovirus". 
Scieace, 231, p. 1567 (1986)). 

A number of synthetic anti -viral agents have 
25 been designed to target various stages in the 

replication cycle of HIV. These agents include 
coii5)ounds which block viral binding to CD4 T- 
lyii?)hocytes (for example . soluble CD4) , and compounds 
which interfere with viral replication by inhibiting 
viral reverse transcriptase (for exaiaple, didanosine 
and zido^^udine (A2T) ) and inhibit integration of viral 
DNA into cellular DNA (M.S. Hirsh and R.T. D'Aqulia, 
"Therapy for Human Immunodeficiency .Virus Infection", 
N.Bpq.-CT.MQd :', 328, p. 1686 (1993))., However, such 
agents, which are directed primarily to early stages of 



30 



35 



viral replication, do not prevent, ^ the production of 
infectious virions in chronically infected cells. 
Furthermore, administration of some of these agents in 
effective amoimts has led to ceil -toxicity and unwanted 
side effects, such as anemia and bone marrow 
suppression.' ^ ' 

More recently, the focus of anti- viral drug 
design has bedn to create couppunds which inhibit the 
formation of infectious virions by^ interfering with the 
processing of \a polyprotein precursors. Processing 
of these prec^ requires .the action of 

virus -encoded proteases which, are essential for 

N-^- al. "Active HIV Protease is 
Requires fbr Infectivity« Proc. Natl, Acad. Sgi, 

jasi/is, p. 4686 (1988)) , The anti-viral potential of 
HIV protease inhibition has been demonstrated using 
peptidal inhibitors. Such pepticial coi^ounds, however, 
are ts^ically large and complex molecules that tend to 
exhibit poor bioavailability and are not generally 
consistent with oral administration.. ...Accordingly, the 
need "still exists for compounds . that can effectively 
inhibit the action of viral proteases, for use as 
agents for preventing and treating chronic and acute 
viral infections. 

gPMMARY OF THE INVENTTOW 

The present invention provides a novel class 
of coit5)ounds, and pharmaceutically acceptable 
derivatives thereof, that are useful as inhibitors of 
aspartyl proteases, in particular, HIV aspartyl 
protease. These compounds can be used alone or in 
combination with other therapeutic or prophylactic 
agents, such as anti-virals, antibiotics, 
immunomodulators or vaccines, for the treatment or 
prophylaxis of viral infection. 
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According to a preferred embodiment, the 
confounds of this invention are capable of inhibiting 
HIV viral replication in human CD4* T- cells. These 
coii?)ounds are useful as therapeutic and prophylactic 
agents to treat or prevent infection by HIV-l and 
related viruses which may result in asyn^jtomatic 
infection, AIDS - related coa^lex ("ARC"), acquired 
immunodeficiency syndrome ("AIDS"), or similar disease 
of the immune system. 

It is a principal object of this invention to 
provide a novel class of sulfonamides which are 
aspartyl protease inhibitors , and particularly, HIV 
aspartyl protease inhibitors. This novel class of 
sulfonamides is represented by fonmila I: 



A— (ByjrN— CH— CH— CHj-N— SOj-E 
15 H OH D* 



wherein: 



(I) 



^ A is selected from the group consisting of H 
Het; -R -Het; -R^-C^-C^ alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, q-C, alkoxy, Het, -0- 
Het. -Nr2-C0-N(r2) (r2) and -C0-N(r2) (r2) . and -R^-c -C 
alkenyl, which may be optionally substituted with one' 
or more groups selected from the group consisting of 
hydroxy, c^-c^ alkoxy. Het, -o-Het, -Nr2-co-N(r2) (r^) 
25 and -CO-N(R^) (R^) ; 

each r1 is independently selected from the 
group consisting of -0(0)-. -S(0)^-. -C(0)-C(0)- -O- 
C(0)-, .0-S(0)„ .NR'.S(O),-, .Nr2.c(0)- and •m^'-CiO). 
C(0)-; ' ' 
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each Het is independently selected from the 
group consisting of C3-C, cycloalkyl; Cg-C, 
cycloalkenyl; Cg-C^p aryl; and 5-7 membered saturated or 
unsaturated heterocyde, containing one or more 
5 heteroatoms selected from N, , 0, s and S(0)„, 

wherein said heterocycle may optionally be benzofused; 
and wherein any member of said Het may be optionally 
substituted with one or more substituents selected from 
the group consisting of 0x0, -OR^, -R^, -N(R^) (R^) , 
10 -r2.0H, -CN, -COjR^, -C(0)-N{r2)(r2), -S (O) 2-N(r2) (R^) , 
-N(r2).C(0).R2, .C(0)-r2, -S(0)^.r2, -OCFg. -S(0)^.Ar, 
methylenedioxy, -N(r2) -8(0)2 (R^) , -CPg, -No", Ar 

and -0~Ar; 

each R^ is independently selected from the 
group consisting of H and q-Cg alkyl optionally 
substituted with Ar; 

B. when present, is -N(r2) -c(r3) (r3) -0(0) - ; 
X is 0 or 1; 

each r3 is independently selected from the 
group consisting of H, Het, C^-C^ alkyl, C^-c, alkenyl, 
Cg-Cg cycloalkyl and C5-C5 cycloalkenyl, wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^, -C{0)-NH-r2. -s (O) - 
25 N(r2)(r2), Het, -CN. -SR^ -CO^R^ NR^-CCO-R^; 

each n is independently l or 2; 
D and D' are independently selected from the 
group consisting of Ar; q-C^ alkyl, which may be 
optionally substituted with one or more groups selected 
30 from Cj-Cg cycloalkyl, -OR^, -r3, -o-Ar and Ar; C^-C^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
C3-Cg cycloalkyl, -OR^, .r3, -o-Ar and Ar; Cg-Cg 
cycloalkyl, which may be optionally substituted with or 



20 
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fused with Ar; and C^-Cg cycloalkenyl , which may be 
optionally substituted with or fused with Ar; 

each Ar is independently selected from the 
group consisting of phenyl; 3-6 membered carbocyclic 
5 ring and 5-6 membered heterocyclic ring containing one 
or more heteroatoms selected from 0, N, S, S{0) and 
N(R ), wherein said carbocyclic or heterocyclic ring 
may be saturated or unsaturated and optionally 
substituted with one or more groups selected from the 
10 group consisting of oxo, -OR^, -R^, -N{R^) (R^) , -N{R^)- 
C(0)-r2, -R^-OH, -CN, -COjR^, -C(0)-N(R^) (r2) , halo and 
-CF3; 

E is selected from the group consisting of 
Het; 0-Het; Het-Het; -0-R^; -NrV; q-Cg alkyl, which 
15 may be optionally substituted with one or more groups 
selected from the group consisting of R* and Het; C,-C^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of R* 
and Het; Cj-Cg saturated carbocycle, which may 
20 optionally be substituted with one or more groups 

selected from the group consisting of R* and Het; and 
Cg-Cg unsaturated carbocycle, which may optionally be 
substituted with one or more groups selected from the 
group consisting of R* and Het; and 
2^ each R* is independently selected from the 

group consisting of -OR*, -C(0)-NHr2, -SCOj-NHR*, halo, 
-NR*-C(0)-R* and -CN. 

It is a also an object of this invention to 
provide pharmaceutical compositions cort^jrising the 
sulfonamides of formula I and methods for their use as 
inhibitors of HIV aspartyl protease. 

It is a further object of this invention to 
provide a novel class of HIV aspartyl protease 
inhibitor compounds characterized by the following 
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ncjvel combination of structural and physicochemical 
features : 

(1) a first and a second hydrogen bond 
acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
molecule of an HIV aspartyl protease when the cort^jound 
is bound thereto; 

(2) substantially hydrophobic moieties which 
associate with the and Pj^' binding pockets of said 
HTV aspartyl protease when the con^jound is boxind 
thereto; 

(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or acceptor, 
capable of simultaneously hydrogen bonding to Asp25 and 
Asp25' of said HIV aspartyl protease when the con?>ound 
is bound thereto,; 

(4) an additional occupied volume of space 
of at least 100 when the compovmd is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
con?)ound to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and 

(6) a neutral or favorable enthalpic 
contribution from the sum of all electrostatic 
interactions between the con5)ound and the protease when 
the co(n?)ound is bo\jnd to said HIV aspartyl protease. 

It is also an object of this invention to 
provide pharmaceutical con^jositions conprising 
confounds having the above-mentioned features and 
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methods for their use as inhibitors of HIV aspartyl 
protease • 

It is a further object of this invention to 
provide a method for identification, design, or 
5 prediction of HIV aspartyl protease inhibitors 
comprising the steps of: 

(a) selecting a candidate conpoxxnd of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety, at least one of 

10 which is more highly polarizable tham a carbonyl, said 
moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 

^5 (b) determining a low- energy 

conformation for binding of said compound to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 
HIV aspartyl protease when said conpound is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substantially hydrophobic moieties to associate with 

25 the and P^' binding pockets of said HIV aspartyl 
protease when said con^jound is bound thereto in said 
conformation; 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 

30 Asp25 and Asp25 • of said HIV aspartyl protease when 
said compound is bound thereto in said conformation; 

(f) evaluating the overlap of the 
occupied volume of said compound when said compound is 
bound to said HIV aspartyl protease in said 

35 conformation and the occupied volume of a native 



20 
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sxibstrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
5 of binding of said cornpoxmd to said HIV aspartyl 

protease; 

(h) evaluating the enthalpic 
contribution of the sum of all electrostatic 
interactions between said conpoxand and said HIV 

10 aspartyl protease when said conpound is bound thereto 
in said conformation; and 

(i) accepting or rejecting said 
candidate con^joxmd as an HIV protease inhbitor based 
upon the determinations and evaluations carried out in 

15 steps (b) through (h) . 

BRIEF DESCRIPTTQN O F THE DRAWTNGg 

Figure 1 depicts a stereo drawing of a low- 
energy conformation of Compound 140, as predicted by 
computer-modelling . 
2^ Figure 2 depicts a stereo drawing of the 

actual crystal structure of Coirpound 140, as observed 
by X-ray crystallography. 

Figure 3 depicts a stereo drawing of the 
correlation between the predicted (thin line) and 
25 observed (thick line) conformation of Conpound 140. 

PgTAIIiEP DESCRIPTION OF THE TWVffNT TOyj 

In order that the invention herein described 
may be more fully understood, the following detailed 
description is set forth. In the description, the 
30 following abbreviations are used: 

PgSiqnat:Apn Reagent o r Praomgnt 
Ac acetyl 
Me methyl 



- 10 ' 



Et ethyl 

Bzl benzyl 

Trityl triphenylmethyl 

Asn D- or L-asparagine 

He D- or L-isoleucine 

Phe D- or L-phenylalanine 

Val D- or L-valine 

Boc tert -butoxycaxbonyl 

Cbz benzyloxycarbonyl (carbobenzyloxy) 

Fnioc 9 - f luorenylmethoxycarbonyl 

DCC di cy cl ohexy 1 carbodi imide 

I^IC diisopropylcarbodiimide 

EDC 1 - { 3 - dimethylaminopropyl ) - 3 - 

ethyl carbodiimide hydrochloride 

HOBt 1 - hydroxybenzot riazole 

HOSu 1 -hydroxysuccinimide 

TFA trifluoroacetic acid 

DIEA diisopropylethylamine 

DBU 1,8- diazabicyclo ( 5 • 4 • 0 ) undec - 7 - ene 

EtOAc ethyl acetate 



The following terms are employed herein: 
Unless ejqpressly stated to the contrary, the 
terms "-SO^-" and "-8(0)2-" used herein refer to a 
sulfone or sulfone derivative (i.e., both appended 
groups linked to the S) , and not a sulfinate ester. 

For the compounds of formula I, and 
intermediates thereof, the stereochemistry of the 
explicitly shown hydroxyl is defined relative to D on 
the adjacent carbon atom, when the molecule is drawn in 
an extended zig-zag representation (such as that drawn 
for conpounds of formula XI, XV, XXII, XXIII and XXXI). 
If both OH and D reside on the same side of the plane 
defined by the extended backbone of the compound, the 
stereochemistry of the hydroxyl will be referred to as 
"syn". If OH and D reside on opposite sides of that 
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plane, the stereochemistry of the hydroxyl will be 
referred to as "amti". 

The term "heterocyclic" refers to a stable 5- 
7 membered monocycle or 8-11 membered bicyclic 
heterocycle which is either saturated or tinsaturated, 
and which may be optionally benzofused if monocyclic. 
Each heterocycle consists of carbon atoms and from one 
to four heteroatoms selected from the group consisting 
of nitrogen, oacygen and sulfur. As used herein, the 
terms "nitrogen and sulfur heteroatoms" include any 
oxidized form of nitrogen and sulfur, and the 
quatemized form of any basic nitrogen. The 
heterocyclic ring may be attached by any heteroatom of 
the cycle which results in the creation of a stable 
structure. Preferred heterocydes defined above 
include, for example, benzimidazolyl , imidazolyl, 
imidazolinoyl, imidazolidinyl , guinolyl, isoguinolyl, 
indolyl, pyridyl, pyrrolyl, pyrrolinyl-, pyrazolyl, 
pyrazinyl, quinoxolyl, piperidinyl, morpholinyl, 
thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl, 
S-carbolinyl, tetrazolyl, thiazolidinyl , benzof uanoyl , 
thiamorpholinyl sulfone, benzoxazolyl , oxopiperidinyl , 
oxopyrroldinyl, oxoazepinyl, azepinyl, isoxazolyl, 
tetrahydropyranyl, tetrahydrof uranyl , thiadiazoyl, 
benzodioxolyl, thiophenyl, tetrahydrothiophenyl and 
sulf olemyl . 

The terms "HIV protease" and "HIV aspartyl 
protease" are used interchangeably and refer to the 
aspartyl protease encoded by the human immunodeficiency 
virus type 1 or 2. In a preferred embodiment of this 
invention, these terms refer to the human 
immunodeficiency virus type l aspartyl protease. 

The term "hydrophobic" refers to a moiety 
which tends not to dissolve readily in water and is 
often fat -soluble. Hydrophobic moieties include, but 
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are not limited to, hydrocarbons, such as alkanes, 
alkenes , alkynes , cycloalkanes , cycloalkenes , 
cycloalkynes and aromatic hydrocarbons, such as aryls, 
certain saturated and unsaturated heterocycles and 
5 moieties that are substantially similar to the side 
chains of hydrophobic natural and unnatural a- amino 
acids, including valine, leucine, isoleucine, 
methionine, phenylalanine, CK-amino isobutyric acid, 
alloisoleucine, tyrosine, and tryptophan. 

10 The term "substantially hydrophobic" refers 

to a hydrophobic moiety which may optionally contain 
polar atoms or groups in the region of the moiety which 
are solvent exposed when the con5)ound is bo\xnd in the 
active site of an aspartyl protease. 

15 The term "linker moiety" refers to a group 

within a conpound, said group consisting of a backbone 
of 1-6 atoms selected from the group consisting of C, 
N, 0, S and P, said backbone being substituted with, 
fused to or otherwise associated with a sxibstantially 

20 hydrophobic group capable of associating with the P^^ or 
P^' binding pocket of an HIV aspartyl protease when 
said coir5)ound is bound thereto. In alternative 
embodiments of this invention, such linker moieties may 
optionally be substituted with a group or groups which 

25 occupy a volume of space overlapping with the volume of 
space that would be filled by a native siibstrate of HIV 
aspartyl protease or a nonhydrolyzable isostere 
thereof . 

The term "more highly polarizable than a 
JO carbonyl" refers to a moiety having a polarizability 
(a) greater than that of a carbonyl group of a 
corresponding aldehyde, ketone, ester or amide moiety. 

The term "pharmaceutically effective amount" 
refers to an amoxint effective in treating HIV infection 
J5 in a patient. The term "prophylactically effective 
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amoiint" refers to an amotmt effective in preventing HIV 
infection in a patient. As used herein, the term 
"patient" refers to a xnainmal, including a human. 

The term "pharmaceutically acceptable carrier 

5 or adjuvant" refers to a non- toxic carrier or adjuvant 
that may be administered to a patient, together with a 
conpotind of this invention, and which does not destroy 
the pharmacological activity thereof. 

As used herein, the compounds of this 

0 invention, including the conpounds of formula I, are 
defined to include pharmaceutically acceptable 
derivatives thereof. A "pharmaceutically acceptable 
derivative" means any pharmaceuticcQly acceptable salt, 
ester, or salt of such ester, of a contpound of this 

5 invention or any other conpoxind which, upon 

administration to a recipient, is capable of providing 
(directly or indirectly) a cortqpound of this invention 
or an anti-virally active metabolite or residue 
thereof . 

3 Pharmaceutically acceptable salts of the 

compoxinds of this invention include those derived from 
pharmaceutically acceptable inorganic and organic acids 
and bases. Exait?)les of suitable acids include 
hydrochloric, hydrobromic, sulfuric, nitric, 

> perchloric, fumaric, maleic, phosphoric, glycollic, 
lactic, salicylic, succinic, toluene -p- sulfonic, 
tartaric, acetic, citric, methanesulf onic, formic, 
benzoic, malonic, naphthalene- 2 -sulfonic and 
benzenesulfonic acids. Other acids, such as oxalic, 

» while not in themselves pharmaceutically acceptable, 
may be enployed in the preparation of salts useful as 
intermediates in obtaining the conpounds of the 
invention . and their pharmaceutically acceptable acid 
addition salts. 
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Salts derived from appropriate bases include 
alkali metal (e-g., sodium), alkaline earth metal 
(e.g., magnesium), ammonium and N- (C-,.^ alkyl)^* salts. 
The term "thiocarbamates" refers to com- 
5 pounds containing the functional group N-SO^-O. 

The corapoxinds of this invention contain one 
or more asymmetric carbon atoms and thus occur as 
racemates and racemic mixtures, single enantiomers, 
diastereomeric mixtures and individual diastereomers . 
10 All such isomeric forms of these confounds are 

expressly included in the present invention. Each 
stereogenic carbon may be of the R or S configuration. 
The explicitly shown hydroxyl is also preferred to be 
syn to D, in the extended zig-zag conformation between 
15 the nitrogens shown in con^pounds of formula I. 

Combinations of substituents and variables 
envisioned by this invention are only those that result 
in the formation of stable coit5)ounds. The term 
"stable", as used herein, refers to coir^jounds which 
20 possess stability sufficient to allow manufacture and 
administration to a mammal by methods known in the art. 
Typically, such coitqpounds are stable at a temperature 
of 40<'C or less, in the absence of moisture or other 
chemically reactive conditions, for at least a week. 

Ths compounds of the present invention may be 
used in the form of salts derived from inorganic or 
organic acids. Included among such acid salts, for 
example, are the following: acetate, adipate, 
alginate, aspartate, benzoate, benzenesulf onate, 
30 bisulfate, butyrate, citrate, camphorate, camph- 
orsulf onate, cyclopentanepropionate, digluconate, 
dodecylsulfate, ethanesulf onate, fumarate, glucohepta- 
noate, glycerophosphate, hemisulfate, heptanoate, hexa- 
noate, hydrochloride, hydrobromide , hydroiodide, 2- 
15 hydroxyethanesulf onate, lactate, maleate, 
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methanesulfonate, 2-naphthalenesulfonate, nicotinate, 
oxalate, pamoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, propionate, 
succinate, tartrate, thiocyanate, tosylate and 
undecanoate . 

This invention also envisions the 

quatemization of any basic nitrogen- containing groups 

of the compounds disclosed herein. The basic nitrogen 

can be quatemized with any agents Icnown to those of 

ordinary skill in the art including, for exan?>le, lower 

alkyl halides, such as methyl, ethyl, propyl and butyl 

chloride, bromides and iodides; dialkyl sulfates 

including dimethyl, diethyl, dibutyl and diamyl 

sulfates; long chain halides such as decyl, lauryl, 

15 myristyl and stearyl chlorides, bromides and iodides; 

and arallcyl halides including benzyl and phenethyl 

bromides. Water or oil-soluble or dispersible products 

may be obtained by such quatemization. 

The novel sulfonamides of this invention are 
20 those of formula I: 



0 

I 

A— (B),r'*-CH-CH-CH2-N--S02-E 
H OH D* 



25 



(I) 



wherein: 



A is selected from the group consisting of H; 
Het; -R -Het; -R^-q-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, c^-c^ alkoxy, Het. -0- 
Het, .Nr2.co-N(r2) {r2) and -C0-N(r2) (r2) ; and -R^-C^-Cg 
alkenyl, which may be optionally substituted with one* 
or more groups selected from the group consisting of 



wo 94/05639 



PCr/US93/08458 



- 16 - 

hydroxy, q-C^ alkoxy, Het, -0-Het, -IIR^-CO-N(R^) (R^) 
and -CO-N(R*) (R^) ; 

each R^ is independently selected from the 
group consisting of -C(0)-, -8(0)2-, -C(0)-C(0)-, -0- 
5 C(0)-, -0-8(0)2. -NR^-S(0)2-, -Nr2-C(0)- and -m^-C(O)- 
C (O) - ; 

each Het is independently selected from the 
group consisting of C3-C, cycloalkyl; Cg-C, 
cycloalkenyl; C^-Cxo ^^^i 5-7 meinbered saturated or 

10 unsaturated heterocyde, containing one or more 

heteroatoms selected from N, N(R^) , O, S and 8(0)^, 
wherein said heterocyde may optionally be benzofused; 
and wherein any member of said Het may be optionally 
substituted with one or more stibstituents selected from 

15 the group consisting of 0x0, -OR^, -R^, -N(R^)(R^), 

-r2-0H, -CN, -CO2R2. -C(0)-N(r2) (r2), -8(0)2-N(r2) (r2) , 
-N(r2)-C(0)-R2, -C(0)-r2. -S(0)^-r2, -OCF3. -S(0)^-Ar. 
methylenedioxy, -N(R^) -8 (0)2 (R^) , halo, -CF3, -NOj, Ar 
and -O-Ar; 

20 each R^ is independently selected from the 

group consisting of H and q-Cg al)cyl optionally 
substituted with Ar; 

B, when present, is -N(R^) -C (R^) (R^) -C(0) - ; 

X is 0 or 1; 

25 each R^ is independently selected from the 

group consisting of H, Het, q-Cg alkyl, C2-Cg alkenyl, 
Cs-Cg cycloalkyl and C5-C5 cycloalkenyl, wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 

30 the group consisting of -OR^, -C(0)-NH-R^, -8(0) - 
N(r2)(r2), Het, -CN, -8r2, -COjR^, NR*-C(0)-r2; 
each n is independently 1 or 2; 
D and D' are independently selected from the 
group consisting of Ar; q-c^ alkyl, which may be 
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optionally substituted witt one or more groups selected 
from Cg-Cg cycloalkyl, -OR^, -R^, -0-Ar and Ar; Cj-C^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
5 Cg-Cg cycloalkyl, -OR^, -R^, -0-Ar and Ar; Cj-Cg 

cycloalkyl, which may be optionally substituted with or 
fused with Ar; and C5-C. cycloalkenyl , which may be 
optionally s\d3stituted with or fused with Ar; 

each Ar is independently selected from the 

10 group consisting of piienyl; 3-6 membered carbocyclic 

ring and 5-6 memberer. heterocyclic ring containing one 
or more heteroatoms selected from 0, N, S, S(0) and 
N(R ), wherein said carbocyclic or heterocyclic ring 
may be saturated or xinsaturated and optionally 

15 substituted with one or more groups selected from the 
group consisting of 0x0, -OR^, -R^, -N(R^) (R^) , -N(R^)- 
C(0)-r2, .r2-0H, -CN, -CO^R^, -C(0)-N(R^) (R^) , halo and 
-CF3; 

E is selected from the group consisting of 
20 Het; 0-Het; H'=t-Het; -O-R^; -NrV; C^-Cg alkyl, which 

may be optiorally sijbstituted with one or more groups 
selected frci the group consisting of R* and Het; C,-C^ 
alkenyl, wh.ch may be optionally substituted with one 
or more grc.ups selected from the group consisting of R* 
25 and Het; Cj-Cg saturated carbocycle, which may 

optionally be substituted with one or more groups 
selected from the group consisting of R* and Het; cind 
^s-Cg unsaturated carbocycle, which may optionally be 
substituted with one or more groups selected from the 
30 group consisting of R* and Het; and 

each R* is independently selected from the 
group consisting of -OR^, -CCO-NHR^, 'SiO^-mm^, halo, 
-Nr2 2(0) 'R^ and -CN. 
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Except where expressly provided to the 
contrary, as used herein, the definitions of variables 
A, R^-R^, Het, B, X, n, D, D' , Ar and E are to be taken 
as they are defined above for the con5)oxinds of formula 
5 I. 

According to one embodiment of this 
invention, a subclass of compounds are those coitpounds 
of formula I, and pharmaceutical ly acceptable salts 
thereof , wherein : 

10 A is selected from the group consisting of H; 

-R^-Het; -R^-Cj^-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, C^-C^ alkoxy, Het and -0- 
Het; and -R^-C^-Cg alkenyl, which may be optionally 

15 substituted with one or more groups selected from 
hydroxy, C^-C^ alkoxy, Het and -0-Het; 

each R^ is independently selected from the 
group consisting of -C(0)-, -8(0)2-, -C(0)-C{0)-, 
"0-C0-, -O-SCO)^- and -NR^-StOjj-; 

20 each Het is independently selected from the 

group consisting of C3-C7 cycloalkyl; Cg-C^ 
cycloalkenyl; Cg-C^^ aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
heteroatoms selected from N, 0 and S, which may 

25 optionally be benzofused; wherein any member of said 
Het may be optionally substituted with one or more 
substituents selected from the group consisting of 0x0, 
-OR^, -R^, -N(R^)2, -R^-OH, -CN, -CO^R^, 'C{0)'NiR^)^ and 
-S(0)2-N(R^)2; 

30 each R^ is independently selected from the 

group consisting of H and C^-C^ alkyl; 

B, when present, is -NH-CH(R^) -C (0) - ; 
X is 0 or 1; 
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is selected from the group consisting of 
Het, C^-Cg alkyl, Cj-Cg alkenyl, Cj-Cg cycloalkyl and 
C5-Cg cycloalkenyl, wherein any member of said may be 
optionally substituted with one or more substituents 
5 selected from the group consisting of -OR^, -C(0)-NH- 
R^, -S(0)^-N(R*)2, Het and -CN; 
n is 1 or 2; 

D smd D' are independently selected from the 
group consisting of Ar; Cj^-C^ alkyl, which may be 

10 optionally substituted with Cj-Cg cycloalkyl or Ar; Cj- 
alkenyl, which may be optionally substituted with C3- 
Cg cycloalkyl or Ar; Cj-Cg cycloalkyl, which may be 
optionally substituted or fused with Ar; and 
cycloalkenyl, which may be optionally substituted or 

15 fused with Ar; with the proviso that when D is attached 
to N, D may not be methyl or alkenyl; 

Ar is selected from the group consisting of 
phenyl; 3-6 membered carbocyclic ring and 5-6 member ed 
heterocyclic ring containing one or more heteroatoms 

20 selected from 0, N and S, wherein said carbocyclic or 
heterocyclic ring may be 'saturated or oinsaturated and 
optionally substituted with one or more groups selected 
from the group consisting of oxo, -OR^, -R^, -NCR^)^, - 
N(r2).C(0)r2, -R^-OH, -CN, -C02R^ .C{0).N(r2)2, halo 

25 and -CF3; 

E is selected from the group consisting of 
Het; -0-R^; -NR^R^; q-Cg alkyl. Which may be optionally 
substituted with one or more R* or Het; C^-Cg alkenyl, 
which may be optionally substituted with one or more R* 
30 or Het; Cj-Cg saturated carbocycle, which may optionally 
be substituted with one or more R* or Het; and C--C 

5 6 

xinsaturated carbocycle, which may optionally be 
substituted with one or more R^ or Het; 
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each is independently selected from the 
group consisting of -OR^, -C(0)-NHR^, -StOlj-NHR^, halo 
and -CN; aoid 

each R^ is independently selected from the 
5 group consisting of H and R^, with the proviso that at 
least one R^ is not H. 

A preferred subclass of compounds of this 
invention are those con^Doxinds of formula I having a 
molecular weight of less than about 700 g/mole. More 
0 preferably, the subclass of conpounds of formula I have 
a molecular weight of less than about 600 g/mole. 

Other preferred subclasses of this invention 
are those confounds of formulas XXII, XXIII and XXXI: 



H QH D' 

Js. ^N— SO2-E 




(XXII) 



H QH ^' 



r 

° (XXIII) 



OH P' 




(XXXI) 
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wherein A, R^, Het, D, D', x and E are as defined above 
for con5)otinds of formula I. For ease of reference, the 
two moieties present in formula XXXI have been 
labeled R^ suad R^'. 
5 For confounds of formula XXII, most preferred 

con?)o;inds are those wherein A is R^-Het and D' is C^-C^ 
allcyl or C3 alkenyl, wherein said al3cyl or alkenyl may 
optionally be substituted with one or more groups 
selected from the group consisting of Cj-Cg 
10 cycloalkyl, -ORj, -0-Ar and Ar (with all other 

variables being defined as above for conpounds of 
formula I). For compoimds of formula XXIII, most 
preferred conpoimds are those wherein R^ is C^-Cg alkyl, 
Cj-Cg alkenyl, Cg-Cg cycloalkyl, Cg-Cg cycloalkenyl or a 
15 5-6 membered saturated or iinsaturated heterocycle, 
wherein any member of said R^ may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^, -C(0)-NH-R^, - 
S(0)^N(r2) (r2) , Het, -CN, -SR^, -C{0)2R^ and Nr2-C(0)- 

and D' is C^^-Cg alkyl or C3 alkenyl, wherein said 
alkyl or alkenyl may optionally be substituted with one 
or more groups selected from the group consisting of 
Cs-Cg cycloalkyl, -ORj, -0-Ar and Ar (with all other 
variables being defined as above for compoxinds of 
25 formula I) . 

For con^jounds of formula XXXI, most preferred 
conpounds are those wherein A is R^-Het, each R^ is 
independently C^-Cg alkyl which may be optionally 
substituted with a substituent selected from the group 
30 consisting of -OR^, -C(0) -NH-R^, -S (0)^N(r2) (r2) , Het, - 
CN, -Sr2, -COjR^ and -Nr2-C(0) -R^; D' is C^-C^ alkyl, 
which may be optionally substituted with a group 
selected from the group consisting of C~-C, 



20 r2 
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cydoalkyl, -OR^, -0-Ar; and E is Het, Het-Het and 

Sulfonamides of this invention include the 
following specific compounds contained in Tables I -VI. 
5 In Tables I -IV and VI, A is attached through the right- 
most bond, unless otherwise escpressly noted. All other 
substituents in Tables I -VI are attached via the left- 
most bond, xinless otherwise escpressly noted. 
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TABLE I 




COMPOUNDy 








•.■■::e ■ 


1 




o 






2 




O 

^ X 




NHCOOb 
T (2:1) 


3 




O 
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4 




o 




CF3 


5 




0 




CH3 


6 




0 






7 




0 




-Q 

CO2H 


8 


o 






CH3 


9 




0 







- 25 - 



10 




o 




<^ 

SO2NH2 


11 




o 




CH3 

— N 

CH3 


12 




o 


CH3 

-CH2 




13 




O 


CH3 
/-CH3 
-CH2 




14 




0 


CH3 
-CH2 




15 




0 


CH3 


— NHCOCHj 
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16 




o 


/-CH3 
-CH2 


NHCOCH3 


17 




0 


CHa 

/-CH3 
-CHj 


NHCCDCHj 


18 




0 


/-CH3 
-CH2 


CH, 


19 




O 

^ X 


CH3 

/-CH3 
-CH2 


NHCOCHg 


20 


o 


o 

V. JL 


CMa 
/-CH3 
-CH2 




21 




0 


CH3 
/-CH3 


CH3 

— N 

CH3 
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22 


H O 
CFaCOO' 


CH3 


/-CH3 
-CHj 


— ^1^— NHCOCH3 


23 


CFaCOO' 


CH3 

'^CH3 




— — NHC0CH3 


24 


H O 
CFsCOO- 


CH3 
-^CH3 


/-CH3 
-CH2 


CH3 

— N 

CH3 


25 


H 

CF3C00- n 
0 


CH3 
-^CH3 


CH3 
-CH2 




26 


H 0 
CFsCOO' 


CH3 
^CH3 


CH3 
-CH2 
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TABLE II 



OH D' 




COMFODN]} : ? 








27 


0 


CH3 

-CH^ 


— nhccx:h3 


28 


0 


CH3 

) CH3 
-CHj 


— NHCCKHj 


29 


' 0 


CH3 
-CHj 


NHCOCHj 
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30 


0 


/-CH3 
-CH2 


NHCOCHj 


31 


rrV 


-CH2 


— NHCOCHj 


32 




-CH2 


-0 


33 




CH3 

-CH2 


NHCOCH3 


34 


— V 

O 


/-CH3 
-CH2 


— NHCOCH3 


35 


1 V 0 


/-CH3 

-CHj 





- 30 - 



36 


H 

0 


CH3 

-CH2 


— NHCOCH3 


37 




CH3 




38 




CH3 

/-CH3 
-CH2 




39 




CH3 

-CH2 


NHCOCH3 


40 


0 


CH3 

/-CH3 
-CH2 


f \— NHCOCH3 


41 


H 0 
' 0 


CH3 

)-CH3 
-CH2 


^^y^ NHCOCH3 
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42 


O 

0 


CHa 
-CHj 


— ^^^-NHCOCHj 


43 


0 




NHCOCH3 


44 


o 


/-CH3 


— NHCOCK, 


45 


' 0 


CH3 

/-CH3 

-CH2 




46 


' 0 


CH3 


CH3 


47 


' 0 


CH3 

-ct4 


-P 

F 
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48 


> — ' 0 


CH3 

-CH2 


— NHCOCH3 


49 


>r°r 

' 0 


-CH2 


F 


50 


>rv 

' 0 


CH3 
-CHj 


-<:^ 

F 


51 


> — ' 0 


CH3 

-CH2 




52- 


^ — ' 0 


CH3 

)--CH3 




53 


^ — ' 0 


CH3 
-Ch4 


NHCOCH3 

CI 
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54 


' 0 


-CH2 


NHCOCH3 


55 




/-CH3 
-CH2 


NHCOCHa 


56 


CH3 0 


CH3 
/-CH3 
-CH2 




57 




y— CH3 
-CH2 




58 




-CH2 




59 


6H3 0 


/-CH3 
-CHj 
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66 


^ — ' 0 


CH3 

-CH2 




67 


0 NH^Hj 
0 


-CH2 


•— NHCOCHj 


68 


>r°r 

' 0 


-CH2 


CH3 

— N 

CH3 


69 


^ — ' 0 


CH3 
/-CH3 
-CH2 


CH3 

— N 

CH3 


70 


NHCOCHj 


CH3 
-CHj 


nhccx:H) 


71 


CH3 
CH3 


CH3 
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72 


CHa 
CH3 


/-CH3 


CH3 

— N 

CH3 


73 


0CH3 

0CH3 


/-CH3 


NHCOCH3 


74 


' 0 


— CH2-0 




75 


>rv 

' 0 


CH3 

—\ 

CH3 




76 


' 0 


/ \ 

— p 




77 


' 0 


ch: 
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78 


>rv 

' 0 




0- 


79 


' 0 






80 


' 0 


— CH2— 




81 


0 


CH3 

^CH3 

-CH2 


CI 


82 


o 


OH, 

CH3 

-CH2 




83 


0 


CH3 
-CH3 

-CH2 


^1^— NHCOCH3 

CI 
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1 ^ 


' 0 






1 


O 


CH3 

-CH2 


CI 1 


1 86 


0 


CH3 
-CH3 

-CH2 


— f ^— NHCOCH3 1 


1 87 


0 


CH3 

^CH3 
-CH2 


nhccx:h3 I 


1 88 




CH3 

>-CH3 
-CH2 


NHCOCHk 1 


1 89 


0 


CH3 

)~CH3 
-CH2 
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96 




CH3 

)-CH3 
-CH2 


— / V-NHCOCH3 


97 


o 


-CHs 

-CH2 




98 


o 


CH3 

/-CH3 
-CH2 




99 


0 


CH3 

^--CH3 
-CH2 




100 


/ — ^ 0 


y-CH3 
-CH2 


/ \ 


101 




CH3 


NHCOChHa 
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120 


0 


CH3 

^CHa 
-CH2 


— NHCOCH3 


121 


0 


CH3 

) CH3 
-CH2 




122 


0 


CH3 

/-CH3 
-CH2 




123 




CH3 

^CH3 
-CH2 


—/ \— OCHj 
OCH3 


124 


y V 0 


CH3 

-CH2 


F 


12S 






— -^I^— NHCOCH3 
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126 


' 0 


CH3 


CI 


127 


' 0 


CH3 




12S 


>rv 


CH3 


— NHCOCKj 


129 


' 0 


— CH2— 




130 


' 0 


CH2 




131 


>rv 

' 0 


CH2 
\^CH3 


NHCOCH3 
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Q 






133 






f ^ NHCOCH3 


134 


0 


Cn2 


A \ 

f V-NHCOCH3 


135 








136 






/ — ^ 


137 
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138 


1 — V 0 


CH3 

/--CH3 
-CH2 


CI 


139 


0, 

0 






140 




— CH2— ^ 




141 








142 








143 


o 


— CH2—^ 


OCH3 
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144 




CH3 

-CH2 


CFgCOO'" 


145 




CH3 

/~CH3 

-CH2 


N-O 


146 


0 


— CH2-iQj 


— / V- NHC0CH3 


147 


H 

n 

CFgCOO- n 

o 




f \-NHCOCH3 


1 AO 

148 


/ — V 0 




/ \ 


149 




— CH2-^(^ 
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150 


1 V 0 


CH3 
-CH2 




151 








152 




CH3 

^CH3 

-CH2 




153 


0 


CH3 

-CH3 

-CH2 




154 


0 


CH3 

) CH3 
-CH2 




155 


o 

^^^'^^^^ 


CH3 

-CH2 


— NHCOCH3 
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156 


0 


— CHj— <^ 


-rP- 

\ / COCH3 


157 




— CHa— 


-r<X 

\ / COCHj 


158 






OCH, 


159 




-CH,-Q 




160 


0 




— f V-NHCOCH3 


161 


1 — V 0 


CH3 

)-CH3 
-CH2 


r-\ 

— N 0 
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162 


O 


— CH2— <^ 




163 




CH3 

^CH3 
-CH2 




164 




CH3 

-CH2 


NHCOCH3 


165 




CH3 

)-CH3 
-CH2 




166 




— CH2--^ 




167 




CH3 

^CH3 
-CH2 





- 52 - 



168 


1 — V 0 


CH3 

^CH3 

-CH2 




169 








170 








171 








172 




— CH2— (J 


-(/-NO. 

NO2 


173 




— CH2— 


NH2 
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174 




CH3 

/--CH3 
-CH2 




175 




CH3 

^CH3 


-Qh-oh 


176 






8 


177 




— CH2~^ 




178 








179 


OCH, O 




^1^— OCH, 
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TABLE III 
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TABLE IV 




COMPOUni)^- 




189 


rr 


190 
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TABLE VI 
OH D' 



COMPOUND;^ 






195 


-CH,-<3 




196 


CH3 

-CHj 


CH3 
-CH2 
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Preferred coopounds of tills invention are* : 
(S) -N-l- (3- ( (3-Acetylainino-4-fluoro- 
benzenesulfonyl) -benzyl-amino) - (1S,2 eyn) -1 -benzyl -2- 
hydroxy-prppyl) -2- ( (quinoline-2-carbonyl) -amino) - 
5 succinamide and (S) -N-l- (3- { {4-Acetylamino-3-fluoro- 
benzenesulf onyl) -benzyl -amino) - (18,2 syn) -l-benzyl-2- 
hydroxy-propyl) -2- ( (guinoline-2-carbonyl) -amino) - 
succinamide (confounds 2) ; 

(S) -N-l- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
10 snlfonyl)-benzyl-amino)-(lS,2 syn) -l-benzyl-2 -hydroxy- 
propyl) -2- ( {quinoline-2-cau:bonyl) -amino) - succ inami de 
(coznpound 5) ; 

(S) -N-l- (l-Benzyl-3- (benzyl- (5-iso3cazol-3-yl- 
thiophene-2-sulfonyl) -amino) - (IS, 2 syn) -l-benzyl-2- 
15 hydroxy -propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (compound 6) ; 

(S) -N-l- (3- ( (Benzo(lr2,5)oxadiazole-4-sixlfonyl) - 
benzyl-amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy- propyl) -2- 
( (quinoline-2-carbonyl) -amino) -succinamide (compoxmd 
20 9); 

N-l- (1- (S) -Benzyl-3- (benzyl- (3-s;xlfamoyl- 
benzenesulfonyl) -amino) -2- (syn) -hydroxy -propyl) -2- 
( (quinoline-2-carbonyl) -amino) -succinamide (con^^oxind 
10); 

25 (S) -N-l- (1- (S) -Benzyl-2- (syn) -hydroxyl-3- 

(isobutyl- (5-pyridin-2-yl-thiophene-2-sulfonyl) -amino) - 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(cozt^ovind 12) ; 



* As can be appreciated by those of ordinary skill 
30 in the art, msmy different conventions are used in 
naming chemical conqpounds. Because of possible 
discrepencies in the art of chemical nomenclature, the 
structures shown in Tables I -VI herein are controlling 
for the definition of conpounds 1-195 of this 
35 invention. 
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(S) -N-1- (3- ( (4-Beiizenesiilf OIlyl-tlliophene-2- 
s^llfonyl) -isobutyl-amino) - (IS, 2 syn) -l-beii2yl-2- 
hydroxy- propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conipoimd 13); 
5 (S) -N-1- (1- (S) -Benzyl-3- ( (4-fluoro- 

benzenesulf onyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(conpound 14) ; 

(S)-N-l- (3- ( (4-Acetylamino-3-fluoro- 
10 benzenesxilfonyl) -isobutyl -amino) - (IS, 2 syn) -l-benzyl- 
2 -hydroxy -propyl) -2- ( {quinoline-2-carbonyl) -amino) - 
succinamide (coopound 15) ; 

(S) -N-1- (3- ( (3-Acetylamino-4-fluoro- 
benzenesulfonyl) -isobutyl -amino) - (IS, 2 syn) -l-benzyl- 
15 2 -hydroxy -propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (cospound 16); 

(S) -N-1- (1- (S) -Benzyl-3- ( (4-acetylamino- 
benzenesulf onyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
20 (compound 17) ; 

(S) -N-1- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
sulfonyl) -isobutyl -amino) - (IS, 2 syn) -l-benzyl-2- 
hydroxy- propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (compoimd 18) ; 
25 (S) -N-1- (3- ( (3-Acetylamino-benzenesulf onyl) - 

isobutyl -amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) - 
2 - ( ( guinoline - 2 - carbonyl ) - amino ) - succinazriide ( compound 

19) ; 

(S) -N-1- (3- ( {Benzo(l,2,S)oxadiazole-4-sulfonyl) - 
30 isobutyl -amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) - 
2- ( (quinoline- 2 -carbonyl) -amino) - succinamide (conpoiind 

20) ; 

N-1- ( (lS-2 syn) -l-Benzyl-2-hydroxy-3- (1-isobutyl- 
3 , 3 -dimethylsulf onylurea) -propyl) -2- ( (quinoline-2- 
35 carbonyl) -amino) - succinamide (confound 21) ; 
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N-1- (3- ( (4-Acetylainino-beazenesulf onyl) -isobutyl- 
amino) - (18^2 syn) -l-beiizyl-2-hydroxy-propyl) -2- 
(pyridin- 2 -yl -xnethoxycarbozxyl ) - Buccinaznide ( conpound 

22) ; 

5 N-1- (3- ( (4-Acetylainino-benzenesulfonyl) -isobutyl- 

amino) - (15,2 syn) -l-bexxzyl-2*hydroxy-propyl) -2- 
(pyrldln - 4 * y 1 -znethoxycarbonyl ) - succinamide ( coznpound 

23) ; 

N- 1 - { S^- ( ( 4 - Fluoro-benzenesxilf onyl ) - isobutyl - 
10 amino) - (IS, 2 syn) -l-benzyl-2-hydro3qr.propyl) -2- 

(pyridin- 2 -yl -methosiycarbonyl ) - succinaznide ( compound 
26) ; 

4-Fluoro-N- ( (2 syn,3S) •2-hydroxy-4 -phenyl- 3- ( (S) - 
tetrahydrofuran-S-yloxycaxbonylamlno) -butyl) -N- 
15 isobutyl -benzenesulfonamide (congound 35) ; 

3,4-Dichloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S ) - tetrahydrof uran- 3 -yloxycarbonylamino) -butyl ) -N- 
isobutyl-benzenesxilfonamide (confound 37); 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- (pyridin- 
20 3-yl-methoxycarbonylazaino) -butyl) - isobutyl -sulfamoyl) - 
phenyl ) - acetamide ( cozqpound 44 ) ; 

2, 4 -Dimethyl -thiazole- 5 -sulfonic acid- (1,1- 
dimethyl - ethoxycarbonylamino) - (2 syn, 3S ) - 2 - hydroxy- 4 - 
phenyl - butyl ) - isobutyl - amide ( compound 46); 
25 N-(4-{((2 syn,3S)-2-Hydroxy-4-phenyl-3- ((Sl- 

tetrahydrofuran-S-yloxycarbonylamino) -butyl) - isobutyl - 
sulfamoyl) -phenyl) -acetamide (conpotmd 48); 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (R) - 
tetrahydrof uran- 3 -yloxycarbonylamino) -butyl) -N- 
30 isobutyl -benzenesulfonamide and 4-Fluoro-N- ( (2 syn,3S)- 
2-hydroxy-4-phenyl-3- ( (R) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl ) -N- isobutyl - 
benzenesulfonamide (coxtpounds 52) ; 

Benzo (1,2, 5) oxadiazole- 5 -sulfonic acid ((2 
35 syn,3S) -2-hydroxy-4-phenyl-3- (pyridin-3-yl- 
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xnethoxycaxbonylamino) -butyl) -isobutylamide -(compound 
66) ; 

N- (4- ( { (2 syn,3S) -2 -Hydroxy-4 -phenyl -3r.( (R) - 
tetrahydrof uran- 3 -ylaaqrcarbonylamino) -butyl) *--isobutyl - 
5 sulfamoyl -phenyl ) -acetamide and N-(4-({(2 syn,3S)-2- 
Hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran- 3- 
yloxycarbonylamino) -butyl ) - isobutyl - sulfamoyl ) - phenyl ) - 
acetamide ( compounds 86) ; 

N- (2-Fluoro-5- ( ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
10 ( (S ) - tetrahydrof uran- 3 -yloxycarbonylamino) -butyl ) - 

isobutyl - sulfamoyl ) -phenyl ) -acetamide ( compound 88 ) ; 

N- (3- ( ( (2 syn,3S) -2-^rdroxy-4-phenyl-3- { (S) - 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) - isobutyl - 
sulfamoyl) -phenyl) -acetamide (coopound 91) ; 
15 4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (R) - 

tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulf onamide (compound 93) ; 

N- (4- ( { (syn) -2-Hydroxy- (S) -4-phenyl-3- 
( (tetrahydro-furan- (R) -3-yl) -oxycarbonylamino) -butyl) - 
20 isobutyl -sulfamoyl) -phenyl) -acetamide (compound 94) ; 

4-Fluoro-N- (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (tetrahydro-furan- (R) -3-ylmethoxycarbonylamino) - 
butyl) -N- isobutyl -benzenesulf onamide and 4-Fluoro-N- (2 
syn,3S) -2 -hydroxy- 4-phenyl-3- { (tetrahydro-furan- (S) -3- 
25 ylmethoxycarbonylamino) -butyl ) -N- isobutyl - 
benzenesulf onamide (coztqpounds 97) ; 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
(pyridin-3-yl-methoxycarbonylamino) -butyl) -N- isobutyl - 
benzenesulf onamide (conqpound 98) ; 
30 4-Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (S) - 

tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) - isobutyl - 
benzenesulf onamide (coxrpound 99); 

N-((2 syn,3S)-2-Hydroxy-4-phenyl-3-({S)- 
tetrahydrofuran- 3 -yloxycarbonylamino) -butyl) -N- 
35 isobutyl -4 -methoxy-benzenesulf onamide (compound 100) ; 
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4-Fluoro-N- (2- (eyn) -hydroxy-3- ( (2-oxazolidon- (S) - 
4-yl) -methoxycarbonylainino) -4- (S) -phenyl -butyl) -N- 
isobutyl-benzenesulfcmasiide (ccsnpoiind 109) ; 

Benzene- 1, 3 -disxilfonic acid l-amide 3- ((2 8yn,3S)- 
5 2-hydrc»cy-4-phenyl-3- (3- (S) -tetrahydrofuran-3- 

y 1 ooqrcaxbony lamino ) - butyl ) - isobuty 1 - amide { compound 
112) ; 

Puran-3-8\ilfonic acid (2 syn,3S) -2-hydro3qr-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
10 butyl) -isobutyl -amide (compound 113) ; 

N- ( {3-Allyloxycarbonylamino)- (2 8yn,3S) -2-hydroxy- 
4 - phenyl - butyl ) - N- cyclqpentylmethyl - 4 - f luoro - 
benzenesulfonamide (compound 114) ; 

N-Cydppentylmethyl-N- ( (3-ethoxycarbonylamino) - (2 
15 syn,3S) -2 -hydroxy-4 -phenyl -butyl) -4-fluoro- 
benzenesulfonamide (compound 115) ; 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy- 4 -phenyl - 3 - ( (S ) - tetrahydrof xiran- 3 - 
yloxycarbonylamino) -butyl ) -benzenestilf onamide ( compound 
20 116) ; 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy- 4 -phenyl- 3- (pyridin-3yl-methoxycarbonyl) - 
butyl) -benzenesulfonamide (coxnpound 118); 

N- (4- (Cyclopentylmethyl- ( (2 syn,3S) -2 -hydroxy-4 - 
2 5 phenyl - 3 - ( ( S ) - 1 et rahydrof uran - 3 - yloxycarbonylamino ) - 
butyl ) - sul f amoyl ) - phenyl ) - acetamide ( conpound 12 5 ) ; 

3-Chloro-N- ( (2 syn,3S) -2 -hydroxy-4 -phenyl- 3- ( (S) - 
tetrahydrof uran- 3 -ylojqrcarbonylamino) -butyl) -N- 
isobutyl-benzenesulfoneunide (conpound 138) ; 
30 4-Chloro-N-cyclopentylmethyl-N- (2- (syn) -hydroxy- 

3- ( (2-oxazolidon- 4- (S) -yl -methyl) -oxycarbonylamino) -4- 
phenyl -butyl ) -benzenesulfonamide ( coxipound 139 ) ; 

N- cyclopentylmethyl -N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) - tetrahydrof uran- 3 -yloxycarbonylamino) - 
35 butyl) -4-methoxy-benzenesulfonamide (cdrqpound 140); 
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N- ( (B-allyloxycarbonylamino) - (2 syn, 3S) -2-hyciroxy- 
4 -phenyl -butyl) -N-cyclopentylmethyl-4-inetlioxy- 
benzenesulf onamide (canpound 141) ; 

N-Cyclopentylmethyl-N- ( (2 ayn.BS) -2 -hydroxy- 4- 
5 phenyl - 3 - ( 3 -pyridin- 3 -yl -methoxycarbonylainino ) -butyl - 
4 -methoxy-benzeneBulf onamide {caapaiaxi 142); 

Pyridine- 3 -sulfonic acid ((2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylainino) - 
butyl) -isobutyl- amide, trifluoroacetic acid salt 
10 (cosnpound 144) ; 

5-l80xazol-3-yl-thipphene-2-8ulfonic acid ( (2 
syn,3S) -2 -hydroxy- 4-phe:vl-3- { (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -isobutyl- amide (cQii^>ound 
145); 

15 N- (4- ( (3- (Allyloaqrcarbonylamino) - (2 syn,3S) -2- 

hydroaqr- 4 -phenyl -butyl ) -cyclopentylmethylsulfamoyl) - 
phenyl ) - ace tamide ( cozrpound 146); 

N- (4- (Cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4- 
phenyl - 3 - (pyridin- 3 -yl -methoxycarbonylamino) -butyl ) - 
2 0 8ul f amoyl ) - phenyl ) - acetamide ( conpound 147); 

N- Cyclopentylmethyl -N- { (2 syn,3S) -2-hydroxy-4- 
pheny 1 - 3 - ( ( S ) - tet rahydrof uran - 3 - y 1 oxy carbony lamino ) - 
butyl ) - benzenesulfonamide ( conpound 14 8 ) ; 

Pyridine- 3 -sulfonic acid cyclopentylmethyl- ( (2 
25 syn,3S) -2-hydroxy-4-phenyl-3- { (S) - tetrahydrofuran-B- 
yloxycarbonylamino) -butyl) -amide (compound 149); 

Piperidine - 1 - sul f onic acid ( ( 2 syn , 3S ) - 2 - hydroxy - 
4-phenyl-3- { (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl ) - isobutyl - amide ( cotrpoxind IS 0 ) ; 
30 N-4- ( (2- (syn) -Hydroxy-3- ( (2-methoxymethyl- 

allyloxycarbony lamino) -4- (S) -phenyl -butyl) - isobutyl - 
sul f amoyl) -phenyl) -acetamide (compound 155) ; 

1 - Acetyl -2,3- dihydro- IH- indole- 6 - sulfonic acid 
( (allyloxycarbonylamino) - (2 syn,3S) -2 -hydroxy -4 -phenyl 
35 butyl) -cyclopentylmethyl -amide (compound 156); 
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1 - Acetyl -2,3- dihydro - IH- indole - 6 - sulf oni c acid 
cydopentyUnethyl- ( (2 fiyn,3S) -2-hydrcncy-4-phexiyl-3- 
( (S) -tetraliydrofuran-3-ylooycarboivlainino) -butyl) -amide 

(conpouzid 157) ; 
5 N-Cydohexylmethyl-N- ( (2 8yix,3S) -2-hyd^oxy-4- 

phellyl-3 - ( (S) - tetral^dro£uran-3-ylc»qrcarbonylainino) - 
butyl) -4-lnetho^ty-b^T^7r^^"^«"'^^«^«T'a"'^'^g (coopound 158); 

N-Cyclohexylnethyl -4 -f luoro-N- ( 12 syn, 3S ) - 2 - 
laydre»^-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
10 yioxycarbooylainino) -butyl) -bemzenesulfoaamide (conpound 

159) ; 

N- (4- (Cydohexylnethyl) - ( (2 8yn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-ylo:qrcau*onylainino) - 
butyl) -sdfamoyl -phenyl ) -acetandde (caopound 160); 
15 N- ( (2 8yn,3S) -2-Hydrc»cy-4-phenyl-3- (pyridin-4-yl- 

methoxycarbonylamino) -butyl) -N-iBObutyl-4-methoxy- 
benzenesulfonamlde (con^cnind 163); 

N- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (syn) - 
tetrahydrofuran-3-yloxycarbonylainino) -butyl) -N- 
20 isobutyl -4 -methyl -benzenesulfanamide (confound 165) ; 

N-cyclopentylmethyl-4-hydro3qr-N- ( (2 8yn,3S)-2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl ) - benzenesulf onamide ( compound 166); 

N- ( (2 8yn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
25 tetrsihydrofuran-3-yloxycarbonylamino) -butyl) -N- 

isobutyl- 4 -nitre -benzenesulf onamide (compoiind 167) ; 

4-Amino-N- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesxilf onamide (coxnpotmd 168) ; 
30 N- Cydqpentylmethyl - 4 - hydroxy-N- ( ( 2 syn , 3S ) - 2 - 

hydroxy -4 -phenyl - 3 - { (S ) - tetrahydrof uran- 3 - 
yloxycarbonylamino) -butyl) -benzenesulf onamide (con^jound 

169) ; 
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N-Cyclopentylmethyl-N- ( (2 syn , 3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydro£uran-3-yloxycarbonylainino) - 
butyl) -4-nitro-benezensulfonamide (compound 170); 

4-Amino-N-cyclopentylinethyl-N- ( (2 syn, 3S) -2- 
5 hydroxy-4-phenyl-3- ( (S) -tetrsOiydrof uran-3- 

yloxycarbony lamino) -butyl ) -benzenesulfonamide (compound 
171) ; 

2 , 4-Diamino-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3- 
10 yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
173) ; 

4-Hydroxy-N- (2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetraihydrofuran-3-yloxyc2u:bony lamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compound 175) ; 
15 N-Cyclopentylmethyl-4-fluoro-N-( (2 syn,3S)-2- 

hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3 - 
yloxycar bony lamino) -butyl) -benzenesulfonamide (compoxind 

182) ; 

3 , 4 -Dichloro-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 S ) -2 - 
20 hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3 - 

yloxycarbony lamino) -butyl) -benzenesulfonamide (compound 

183) ; and 

Benzyloxycarbonyl- (L) -isoleucine-N- (5- ( (3-amino- 

(2 syn, 3S) -2-hydroxy-4-phenyl-butyl) -isobutyl- 

25 sulfamoyl)-2-fluoro-phenyl)-acetamide (compound 187) ; 

N-( (2 syn, 3S) -4-Cyclohexyl-2-hydroxy-3-( (S) - 

tetrahydrof uran-3 -yloxycarbony lamino) -butyl) -N- 

cyclopentylmethyl-4-methoxy-benzenesulfonamide 
(compound 195) . 

2° More preferred compounds of this invention 

are: 

( S) -N-i- ( 1- ( S) -Benzyl-2- ( syn) -hydroxy 1-3- 
(isobutyl- (5-pyridin-2-yl-thiophene-2-sulf onyl) -amino) - 
propyl) -2- ( (guinoline-2-carbonyl) -amino) -succinamide 
35 (compound 12) ; 
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(S) (1- (S) -Benzyl-a- ( (4-fluoro- 
benzenesulf onyl) -ieobutyl -amino) -2- (syn) -hydroxy- 
propyl} -2- ( (gulnoliJie-2-Ccu:bonyl) -amino) -succi n a m ide 
(conpoiind 14) ; 
5 (S) -N-l- (3- ( (4-Acetylamino-3-fluoro- 

benzenesxilf onyl ) - isdbutyl -amino) - ( IS r 2 syn) - 1 -benzyl - 
2 -hydroxy-propyl) -2- ( (quinoline-2-caxbonyl) -a m i n o) - 
succinamide (compound 15) ; 

(S) -N-l- (3- ( (Benzo(l,2,5)oxadiazole-4-8ul£onyl) - 
10 isbbutyl-amino) - (1S,2 syn) -l-ben2yl-2-hydroxy-propyl) - 
2- ( (quinoline-2-C£UCbonyl) -amino) -succinamide (conpoxind 
20) ; 

N-l- ( {lS-2 syn) -1 -Benzyl -2 -hydroxy- 3- (l-isobutyl- 
3,3-dimethylsixlfonylurea) -propyl) -2- ( (guinoline-2- 
15 carbonyl) -amino) -succinamide (compound 21) ; 

N- (4- ( { (2 syn,3S) -2-Hydro3cir.4-phenyl-3- ( (S) - 
tetrahydrof uran- 3 -yloxycarbonylamino) -butyl) -isobutyl- 
siilfamoyl) -phenyl) -acetamide (coxnpoiind 48) ; 

N-({2 syn,3S)-2-Hydroxy-4-phenyl-3- ((S)- 

2 0 tetrahydrof uran - 3 - yloxycarbonylamino ) - butyl ) - N - 

isobutyl-4-methoxy-benzene8ulf onamide (coztpound 100) ; 

4-ailoro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydr oxy - 4 - phenyl - 3 - ( ( S ) - 1 e t reOiydrof uran - 3 - 
yloxycarbonylamino) -butyl ) -benzenesulfonamide ( compoiind 
25 116) ; 

N-Cyclopentylmethyl-N- ((2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofurem- 3 -yloxycarbonylamino) - 
butyl) -4 -methoxy-benzenesulf onamide (conpound 140); 

N-Cyclopentylmethyl-N- { (2 syn,3S) -2-hydroxy-4- 

3 0 phenyl - 3 - ( 3 - pyridin - 3 - yl -methoxycarbonylamino ) - butyl - 

4 -methoxy-benzenesulf onamide (coxtrpound 142) ; 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrcQiydrofuran- 3 -yloxycarbonylamino) - 
butyl) -benzenesulfonamide (caopound 148); 
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N-Cyclohexylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- { (S) -tetrahydrof uran-3-yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulfonamide (compound 158); 

N- ( 4 - ( Cy c lohexy Imethy 1 ) - ( ( 2 syn , 3 S ) - 2 -hydr oxy-4 - 
5 phenyl-3- ( (S) -tetrahydrof uran-3-yloxycarbonylamino) - 
butyl) -sulfEmoyl-phenyl)-acetainide (compound 160); 

N-cyclopentylmethyl-4-hydroxy-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl) -benzenesulfonamide (compound 166); 
10 4-Amino-N- ( (2 syn, 3S) -2 -Hydroxy-4 -phenyl-3 - ( (S) - 

tetreihydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compoxind 168) ; 

4 -Amino-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 S ) -2 - 
hydroxy-4 -phenyl-3- ( (S) -tetrahydrof uran-3- 

15 yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
171) ; 

2 , 4 -Diamino-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 s ) -2 - 
hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3- 
yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
20 173); 

4-Hydroxy-N- (2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran-3 -yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compound 175) ; and 

N- ( ( 2 syn , 3 S ) -4 -Cy clohexy 1 -2 -hydroxy-3 - ( ( S ) - 
2 5 tetrahydrof uran-3 -yloxycarbonylamino ) -butyl ) -N- 

cyclopenty Imethy 1-4-methoxy-benzenesulfonamide 
(compound 195) . 

The sulfoncuaides of this invention may be 
synthesized using conventional techniques. 
30 Advantageously, these compounds are conveniently 

synthesized from readily available starting materials. 

The compounds of this invention are among the 
most readily synthesized HIV protease inhibitors known. 
Previously described HIV protease inhibitors often 
35 contain four or more chiral centers, numerous peptide 
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linkages and/or require air- sensitive reagents (such as 
organametallic conplexes) to effect their synthesis. 
The relative ease with which the conpounds of this 
invention can be synthesized represents an enormous 
5 advantage in the large scale production of these 
confounds • 

In general, sulfonamides of formula I are 
conveniently obtained from a- amino acid derivatives 
having the general formula A- (B)^-HH-CH(D) -COOH, 

10 wherein A, B, X and D are defined as above for the 

confounds of formula I. Such of-amino acid derivatives 
are often commercially available or may be conveniently 
prepared from commercially available of* amino acid 
derivatives using known techniqpxes. See, for exaitple, 

15 T.W. Greene and P.G.M. Wuts, "Protective Groups in 
Organic Synthesis", 2nd Ed., John Wiley and Sons 
(1991) . Although this invention envisions the use of 
racextdc mixtures of such starting materials, when x 
0, a single enantiomer in the S configuration is 
• 20 preferred. 

Using known techniques, the a- amino acid 
derivative of general formula A- {B)^-NH-CH{D) -COOH may 
be readily converted to an amino ketone derivative of 
general formula A- (B) j^-NH-CH (D) -CO-CHj-X, wherein X is a 

25 leaving group which suitably activates the a- carbon 

(i.e., makes the methylene susceptible to nucleophilic 
attack) . Suitable leaving groups are well known in the 
art and include halides amd sulfonates, such as 
methanesulf onate, trifluoromethanesulf onate or 4- 

30 toluenesulf onate X may also be a hydroxyl which is 

converted ia situ to a leaving group (e.g. by treatment 
with a trialkyl- or triarylphosphine in the presence of 
a dialkylazodicarboxylate) . Methods for the formation 
of such amino ketone derivatives also are well known to 

35 those of skill in the art (see, for exaztple, S.J. 
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PittJcau, J- Prakt, Chem. , 315, p. 1037 (1973)), 
Alternatively, certain amino ketone derivatives are 
cammercially available (e.g., from Bachem BioBciences, 
Inc., Philadelphia, Pennsylvania). 
5 The amino ketone derivative may then be 

reduced to the corresponding amino alcohol, represented 
by the formula A- (B)^-NH-CH{D) -CH{OH) -CHj-X. Many 
techniques for reduction of amino ketone derivatives 
such as A- (B)^-NH-CH(D) -CO-CH^-X are well knovm to those 

10 of ordinary skill in the art (Larock, R.C. 

"Coicprehensive Organic Transformations**, pp. 527-547, 
VCH Publishers, Inc.^ 1989 and references cited 
therein) « A preferred reducing agent is sodiimi 
borohydride. The reduction reaction is conducted at a 

15 temperature of from about -40*C to about 40*^0 

(preferably, at about O^C to about 20^C) , in a suitable 
solvent system such as, for example, acjueous or neat 
tetrahydrofuran or a lower alcohol, such as methanol or 
ethanol. Although this invention envisions both 

20 stereospecif ic and non-stereospecif ic reduction of the 
amino ketone derivative A- (B)^-NH-CH(D) -CO-CHj-X, 
stereoselective reduction is preferred. 
Stereoselective reduction may be accontplished by use of 
chiral reagents known in the art. In the present 

25 invention, stereoselective reduction may be 

conveniently achieved, for instance, under non- 
chelating reducing conditions, where chiral induction 
of the newly formed hydroxyl group is set by the 
stereochemistry of the D group (i.e., Felkin-Ahn 

30 addition of hydride) . We particularly prefer 

stereoselective reductions wherein the resulting 
hydroxyl is syn to D. We have foxind that when the 
hydroxyl group is syn to D, the final sulfonamide 
product is an HIV protease inhibitor of higher potency 

35 than the anti diastereomer. 
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The hydroxyl group of the amino alcohol may 
optionally be protected by any known oxygen protecting 
group (such as trialkylsilyl , benzyl, or 
alkyloxymethyl) to yield a protected amino alcohol 
5 having the formula A- (B)^-NH-CH{D) -C(OR^) -CH^-X, wherein 
is H or any suitable hydroxy protecting group. 
Several useful protecting groiqps are described in T.W. 
Greene and P.G.M. Wuts, Protective Groupg in Organic 
SYnthesAg. 2d Bd^ John Wiley and Sons (1991). 
10 The amino alcohol may then be reacted with a 

nucleophilic amine cooqpound to form an intermediate of 
formula III: 



D 

I 

15 A-B-NH-CH-CH-CH5-NH (III) 

I 6 I 
OR^ L 

wherein D and R^ are as described above, and L is 
either D' (as described for confounds of formula I) or 
20 hydrogen. 

In a particularly advantageous synthetic 
scheme, simultcuieous activation of the methylene and 
protection of the alcohol may be accooplished by 
forming an N-protected amino epoxide from the oxygen 
25 and its adjacent methylene to give an intermediate of 
formula II: 

A-B-NH-CH(D) -CH-C3I2 (II) 

\ / 
0 

30 wherein A, B and D are as defined above for compoiuids 
of formula I. Suitable solvent systems for preparing 
the N*protected amino epoxide include ethanol, 
methanol , isopropanol , tetrahydrof uran , dioxane , 
dimethyl formamide and the li)ce (including mixtures 

35 thereof) . Suitable bases for producing the epoxide 
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include alkali metal hydroxides, potassium t-butoxide, 
DBU and -the like. A preferred base is potassium 
hydroxide- 

Reaction of the N- protected amino epoxide or 

5 other suitably activated intermediates with an amine is 
carried out neat, i.e. in the absence of solvent, or in 
the presence of a polar solvent such as lower alkanols, 
water, dimethylformamide or dimethylsulf oxide . The 
reaction can be carried out conveniently between about 

10 O^C and 120®C, preferably between about 20*C and 100**C. 
Alternatively, the reaction may be Ccirried out in the 
presence of an activating agent, such as activated . 
al\mip? in an inert solvent, preferably an ether, such 
as diethyl ether, tetrahydrofuran, dioxane, or tert- 

15 butyl methyl ether, conveniently from about room 

temperature to about 110 •C, as described by Posner and 
Rogers, J. Am Phem. Soc. 99, p. 8208 (1977). Other 
activating reagents include lower trialkylaluminum 
species, such as triethylaluminimi, or dialkylaluminum 

20 halide species, such as diethylaluminum chloride 
(Overman and Flippin, Tetrahedron Letters, p. 195 
(1981)). Reactions involving these species are 
conveniently carried out in inert solvents such as 
dichloromethane, 1,2-dichloroethane, toluene, or 

25 acetonitrile between about O^'C and about 11 0*^0. 

Further methods of displacing leaving groups, or 
opening epoxides with amines or their equivalents such 
as azides or timethylsilyl cyanide (Gassman and 
Guggenheim, J. Am, Chem, Soc. 104, p. 5849 (1982)), are 

30 known and will be apparent to those of ordinary skill 
in the art. 

Compounds of formulae II and III, and 
functionality -protected derivatives thereof, are useful 
as intermediates for the preparation of compounds of 

35 formula I. In those cases where L represents D*, 
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coxtpounds of formula III may be converted to coitpoimds 
of formula I by reaction with sulfonyl- activated 
species to form sulfonamides, siilfonyl txreas, 
thiocarbamates and the like. Methods for preparing 
5 such sulfonyl -activated species are well within the 

ordinary skill of the art. Typically, sxxlfonyl halides 
are used to obtain sulfonamides. Many sulfonyl 
halides are commercially available; others may be 
easily obtained using conventional synthetic te chni ques 

10 (Gilbert, E.E, "Recent Developments in Preparative 

Sulfonation and Sxilfation" Synthesis 1969 : 3 (1969) and 
references cited therein; Hoffman, R.V. "M- 
Trifluoromethylbenzenesulfonyl CSiloride" Org. Synth. 
Coll. Vol. VII, John Wiley and Sons (1990); Hartman, 

15 G.D. et- al. "4 -Substituted Thipphene-and Puran-2- 

sulfonamides as Topical Carbonic Anhydrase Inhibitors'* 
J. Med, Chem, . 35, p. 3822 (1992) and references cited 
therein. Sulfonyl ureas are usually obtained by the 
reaction of an amine with sulfuryl chloride or a 

20 suitable equivalent such as sulfuryl -bis -imidazole or 
sulfuryl- bis -N -methyl imidazole. Thiocarbamates are 
typically obtained by the reaction of an alcohol with 
sulfuryl chloride or a suitable equivalent such as 
sulfuryl -bis -imidazole or sulfuryl -bis -N-methyl 

25 imidazole. 

In the case of compounds of formula III 
wherein L is hydrogen, conversion of the resulteoit 
primary amine to a secondary amine may be carried out 
by known techniques. Such techniques include reaction 

30 with an aDcyl halide of alkyl sulfonate, or by reduc- 
tive al)cylation with an aldehyde or carboxylic acid or 
activated derivative thereof using, for instoince, 
catalytic hydrogenation or sodium cyanoborohydride 
(Borch et al., J. Am, Chem. Soc, 93, p. 2897 (1971)). 

35 Alternatively, the primary amine may be acylated 
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followed by reduction with borane or another suitable 
reducing reagent, for example, as described by Cushinan 
et al., .T. OT^Q. Qiem,. 56, p. 41S1 (1991). This 
technique is especially useful in compounds of formula 
5 III where B is absent and A represents a protecting 
group such as tert-butoxycarbonyl (Boc) or 
benzyloxycarbonyl (Cbz) . 

If variable A of a particular confound 
of fozimila I represents a removable protecting group, 
10 removal of that group followed by reaction of the 

resxxlting amine with an appropriate activated reagent 
will advantageously yield a different coopound of 

carboxylate, such as an acyl halide (e.g., acid fluo- 

15 rides, acid chlorides, and acid bromides) , an activated 
ester such as nitrqphenyl ester or 1- 
hydroxysuccinimide (HOSu) ester, an anhydride such as 
the symmetrical anhydride or isobutyl anhydride, or 
mixed carbonic -phosphoric or carbonic -phosphinic anhy- 

20 drides, will yield the corresponding amide* Ureas may 
be obtained by reaction with isocyanates or amines in 
the presence of bis -activated carbonic acid derivatives 
such as phosgene or carbonyldiimdazole . Carbamates may 
be obtained by reaction with chlorocarbonates, with 

25 carbonates esterified with leaving groups such as 1- 
hydroxybenzotriazole (HOST) or HOSu, or with alcohols 
in the presence of bis -activated carbonic acid 
derivatives such as phosgene or carbonyldiimdazole. It 
will be readily recognized that in order to facilitate 

30 specific reactions, the protection of one or more 
potentially reactive groups followed by subsequent 
removal of that group may be required. Such 
modification to the reaction schemes outlined above are 
within the ordinary skill of the art. 
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If variable B of a particular conqpoxind of 
f onmila I is absent and variable A of that conpoiind 
represents a removable protecting group, removal of A, 
followed by reaction of the resulting amine with an 
5 amino acid or suitably N-protected derivative thereof, 
followed by a subsequent reaction of the free of-amine 
if present, as described above, will yield a further 
conpound of formula I. The addition of amino acids and 
their derivatives is accomplished by well known methods 

10 of peptide synthesis. Some of these methods are 

generally set forth in Bodanszky and Bodansz)cy, ''The 
Practice of Peptide Synthesis", Springer- Verlag, 
Berlin, Germany (1984) and in the "The Peptides", Gross 
fiprt Meinhofer (Eds); Academic Preias, 1979, Vols. I- 

15 III, which are incorporated herein by reference. 

Typically, for solution phase synthesis of 
peptides, the a-amine of the amino acid to be coupled 
is protected by Boc, Cbz, allyloxycarbonyl (Alloc) or 
9-fluorenylmethoxycarbonyl (Ftnoc) , while the free 

20 carboaqrl is activated by reaction with a carbodiimide 
such as dicyclohexyl carbodiimide (DCC) , 1- (3* 
dime thy laminopropyl ) - S - ethyl carbodiimide hydrochloride 
(EDO , or diisopropyl carbodiimide (DIG) , optionally in 
the presence of a catalyst such as HOBT, HOSu, or 

25 dimethylaminopyridine (DMAP) . Other methods which 

proceed through the intermediacy of activated esters, 
acid halides, enzyme -activated amino acids and 
anhydrides including N-carboxy-anhydrides, symmetrical 
anhydrides, mixed carbonic anhydrides, carbonic - 

30 phosphinic and carbonic -phosphoric anhydrides are also 
suitable. After the peptide has been formed, 
protecting groups may be removed by methods described 
in the references listed above, such as by hydro- 
genation in the presence of a palladixom, platinum or 

35 rhodium catalyst, treatment with sodium in liquid 
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ansnonia, hydrochloric, hydrofluoric, hydrobromiCi 
formic, trifluoramethanesulf onic, or trifluoroacetic 
acid, secondary amines, fluoride ion, trimethylsilyl 
halides including bromide and iodide, or alkali. 
5 One particularly xisefxil synthetic scheme for 

producing siilf onaztiides of formula TV is shown below: 




XIV XV 



wo 94/05639 



PCr/US93/08458 



- 77 - 

Caapounds of f ozmula. X nay be advantegeously 
synthesized from readily available scartlng materials 
(see D.P. Getman, J. Med. Chem. . 36, p. 268 (1993)). 
Each step of the above synthetic scheme may be carried 
5 out as generally described above. 

A psurticularly useful synthetic scheme for 
producing the preferred sulfonanides of formula XXII is 
shown below: 




XX 



H OH D' 

I f I 




XXI 



H OH D' 
.N>^^A^N-S02-E 




XXII 
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Ccsopounds of f ozmula XX nay be advantageously 
synthesized from readily available starting materials 
(see B.E. Bvans et al., J, Ore, caiem. , 50, p. 4615 
(1965)). Each step of the above synthetic scheme may 
5 be carried out as generally described above. 

After convertdLng a compoiind of formula XX to 
a conpoxind of formula ZXI, as detailed in the previous 
reaction scheme, the cospound of formula XXI may 
alternatively be reacted vith an amino acid or amino 
10 acid derivative, as described generally above, to yield 
a preferred compound of forxmila XXXI. A particularly 
useful synthetic scheme utilizing this strategy is set 
forth below: 
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As can be appreciated by the 8)cilled artisan, 
the above synthetic schemes are not intended to 
conprise a comprehensive list of all means by which the 
coo^ounds described and claimed in this application may 
5 be synthesized. Further methods will be evident to 
those of ordinary skill in the art. 

The cospounds of this invention may be 
modified by appending appropriate fttnctionalites to 
enhance selective biological properties. Such 

10 modifications are known in the art and include those 
which increase biological penetration into a given 
biological system (e.g., blood, lymphatic system/ 
central nervous system) , increase oral availability, 
increase soliibility to aillow administration by 

15 injection, alter metabolism and alter rate of 
excretion. 

The compounds of formula I are characterized 
by a superior ability to inhibit HIV protease activity 
and viral replication. We believe that this is due to 

20 specific steric and electronic interactions between the 
protease smd compounds of formula I. This belief stems 
from our analysis of the structural basis for the 
activity of conpounds of formula I, in view of the 
known crystal structures of HIV protease and bound 

25 inhibitors, such as the structure reported in Miller et 
al. "Structure of Con5>lex of Synthetic HIV-1 Protease 
with a Substrate -Based Inhibitor at 2.3 A Resolution", 
Science , vol. 246, pp. 1149-1152 (19B9) , which is 
incorporated herein by reference, as well as structures 

30 determined in our laboratories. According to these 

structures, the active site of HIV aspartyl protease is 
defined by a deep groove containing subpockets for 
accommodation of various side chains of the protease 
substrate referred to as P^-Pn and Pi'-P^'f according 

35 to conventional protease nomenclature. In the center 
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of the groove, lie two aspartic acid residues (Asp25 
and Asp25' according to the nimbering system of Miller 
et al.) in a manner typical of the active site 
aspartates of known aspartyl proteases, which are 
5 believed to be the catalytic residues of the enzyme. 

The groove is covered by two C^- symmetrically disposed 
"flaps" which also msdce various direct and indirect 
contacts with boxind substrates. 

We believe that the substituents A, D, D' and 

ID E of the conpounds of formula I associate with HIV 

protease by way of hydrophobic forces in the binding 
pockets of the enzyme. We also believe that the 
sulfonamide group hydrogen binds tightly to a water 
molecule held by hydrogen bonds to the flaps of the 

15 protease {"the flap water molecule"; water molecule 

511, according to the Miller et al. numbering system). 

In view of the above discovery, an 
alternative embodiment of this invention relates to 
novel HIV protease inhibitors possessing certain 

20 structural and physicochemical features. We have 
discovered that compounds possessing the following 
novel combination of features are surprisingly 
effective HIV protease inhibitors: 

(1) a first and a second hydrogen bond 

25 acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the 
same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
molecule of an HIV aspartyl protease when the corrpound 

30 is bound thereto; 

(2) substantially hydrophobic moieties which 
associate with the and P^' binding pockets of said 
HIV aspartyl protease when the coxitpound is bound 
thereto; 
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(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or acceptor , 
capable of simultaneously hydrogen bonding to Asp25 and 
A8p25* of said HIV aspartyl protease when the conqpound 

5 is bound thereto; 

(4) an additional occupied volume of space 
of at least 100 when the compound is boiind to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 

10 filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof ; 

(5) a defoxmation energy of binding of the 
cospoimd to said HIV aspairtyl protease of not greater 
than 10 kcal/mole; and 

15 (6) a neutral or favorable enthalpic 

contribution from the sum of all electrostatic 
interactions between the compound and the protease when 
the confound is bound to said HIV aspartyl protease* 

Conqpoxinds having the above* cited features can 

20 be readily identified or designed by one of ordinary 
skill in the art iising a combination of chemical 
reasoning and computational methods. For exazrple, 
those of ordinary skill in the art can readily identify 
or choose hydrogen bonding and hydrophobic moieties or 

25 groups required in features {l)-(3), while features 
(4) -(6) can be ascertained using well known 
conputational methods for determination of structural 
(e.g. conformational) and eneirgetic properties of 
molecules. 

30 Furthermore, cosrtpounds characterized by 

features (1) through (6) listed above may be obtained 
using any conventional technique, including chemical 
synthesis and natural product isolation. We prefer 
using the synthetic schemes detailed above for 

35 compounds of formula I. 
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We have disccsvered that when an HIV protease 
inhibitor forms hydrogen bonds to the flap water 
moleciile through two hydrogen bonding moieties , at 
least one of which is more highly polarizable than a 
5 carbonyl, the ability of those conpoxmds to inhibit HIV 
protease activity is dramatically in;>roved, as coirpared 
with conventional HIV protease inhibitors^ 

While not wishing to be bound by theory, we 
believe that the strong hydrogen bonds that form 

10 between the flap water xnolecule and the two hydrogen 

bonding moieties, at least one of irtiich is more highly 
polarizable than a carbonyl, lower the overall binding 
energy of the inhibitor. Most HTV protease inhibitors 
kno%in in the art utilize only carbonyl groups for 

15 hydrogen bonding to the flap water molecule and are, 
thus, inferior to those of the present invention. We 
believe that the increased polarization that results 
from the large dipole moment of the highly polarizable 
hydrogen bonding moiety (as conpared to the dipole 

20 moment of a carbonyl moiety) creates a stronger and 

tighter hydrogen bond with the flap water molecule. We 
prefer to utilize tetravalent oxygenated sulfur, 
hexavalent oxygenated sulfur and pentavalent oxygenated 
phosphorus as the highly polarizable hydrogen bonding 

25 moiety. Tetravalent oxygenated sulfxir and hexavalent 
oxygenated sulfur are more preferred as the highly 
polarizable hydrogen bonding moiety. Hexavalent 
oxygenated sulfur (-SOj-) is most preferred. 

We have found that when the highly 

30 polarizcdale hydrogen bonding moiety is a sulfonamide, 
the overall binding energy of the inhibitor is 
particularly low. We believe that this increased 
stability is due to particular conformational 
characteristics of the sulfonamide S-N bond. 

35 Specifically, the sulfonamide S-N bond exists in only 
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two low- energy fotazners (see J.B. Nicholas et al., ^ 
Phvs. Chem. . 95, p. 9803 (1991) and R.D. Bindal et al., 
J- Am- caiem, Soc . 112, p. 7861 (1990)). This has the 
effect of locking that portion of the molecule into a 
5 favorable conformation wherein one or both of the 
highly polarized S«0 cogens can be involved in 
hydrogen bonding interactions with the flap water. 

l^e remaining five structxiral and 
physicochemical features recited above (i.e., features 

10 (2) through (6)) are generally recognized in the art to 
ixoprove the ability of a confound to coopetitively 
inhibit HIV protease activity. Although there are 
several other f eattires thought to increase the 
inhibitory property (such as binding of the inhibitor 

15 backbone to the enzyme) , we have discovered that the 
combination of the five above- cited elements alone, 
together with novel element (1) , typifies effective HIV 
protease inhibitors. 

In general, the binding energy of a 

20 particular protease inhibitor is lowered when 

hydrophobic moieties on the inhibitor are located so as 
to associate with the enzyme's hydrophobic binding 
pockets. In the case of HIV-l protease, the location 
and nature of the and P^* binding pockets are )aiown 

25 to those of ordinary skill in the art (see, for 

example, M. Miller et al., cited above). Substantially 
hydrophobic side chains which fit into the well defined 
P^ cuid P^* binding pockets are also known t6 those in 
the art. Preferred side chains are located within 4 A 

30 of the enzyme when botmd to HIV protease. Preferred 
hydrophobic side chains include those substsmtially 
similar to those of hydrophobic natural and unnatural 
Of- amino acids, including alanine, valine, leucine, 
isoleucine, methionine, phenylalanine, a* amino 

35 isobutyric acid, alloisoleucine, tyrosine, and 
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tryptophan. Insofar slb a portion of this side chain is 
in contact with bulk solvent or protrudes out of the 
enzyme, it is not considered to be wholly within P^^ or 
Pj^* and may contain polar fxmctionality such as a 

5 charged amine at that location. 

It has also been established in the art that 
the presence of a hydroxyl group within hydrogen bond 
proximity to the two cats^ytic aspartic acid residues 
of HIV protease (Asp25 and Asp25') is an important 

10 featxire of an effective HIV protease inhibitor (see, 
for example, R. Bone et al., "X-ray Crystal Structure 
of the HIV Protectee Con?)lex with L- 700, 417, .an 
Inhibitor with Pseudo Symmetry", J, Am. Chem. Soc, 
113, pp. 9382-84 (1991)). It is further understood 

15 that the geometry of the Asp -binding hydrogen bonding 

moiety is of particular inportance. Although we prefer 
to use a hydrosqrl group at this position, any hydrogen 
bonding moiety that is capable of forming hydrogen 
bonds with the Asp residues is acceptable. Such 

20 hydrogen bonding moieties are known to those of skill 
in. the art (e.g., phosphinic acid (D. Grobelny et al., 
Biochem. Biophvs. Res. Commun., 169, p. 1111 (1990)). 

It is further understood that binding of 
competitive inhibitors to HIV protease is optimally 

25 accomplished by having the inhibitor traverse a volume 
overlapping that occupied by the native polypeptide 
substrate when it is bound to the active site of the 
enzyme. Effective HIV protease inhibitors typically 
have a relatively small difference in energy between 

30 their bound and free states (i.e., a small deformation 
energy of binding) . The most preferred HIV protease 
inhibitors of this invention have a deformation energy 
of binding of not greater than 10 kcal/mole 
(preferably, not greater than 7 kcal/mole) . It should 

35 be noted, however, that HIV protease inhibitors may 
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interact with HIV protease in more than one 
conformation yAildh is similar in overall binding energy 
(see K.H.M. Murthy, .t. Biol, ghem. . 267, (1992)). In 
those cases, the deformation energy of binding is talcen 
5 to be the difference between the energy of the free 
caii5)oxind and the average energy of the conformations 
observed when the inhibitor bizids to the enzyme. 

Furthermore, it is understood that the most 
effective protease inhibitors also lack repxilsive 

10 electrostatic interaction with the target protease in 
their bound state. Such non- complementary (e.g., 
electrostatic) interactions include repixlsive charge- 
charge, dipole-dipole and charge-dipole interactions. 
Specifically, in the most preferred HIV protease 

15 inhibitors of this invention, the siim of all 

electrostatic interactions between the compound and the 
enzyme when the conpoiind is bound to HIV protease makes 
a neutral or favorable contribution to the enthalpy of 
binding . 

20 Preferred compoxinds characterized by the 

above features {l)-{6) are compoxinds of formula XL: 

Z'-Q^-L^-M-L^.Q^.Z^ (XL) 

wherein: 

and are independently hydrogen bond 
25 acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an HIV aspartyl 
protease, with the proviso that at least one of or 
is more highly polarizable than a carbonyl; 

M is a hydrogen bonding moiety, which may be 
30 either a hydrogen bond donor or acceptor, capable of 

simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspaxtyl protease; 
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anri are independently acyclic or cyclic 
linker moieties; and 

each of and may be optionally present 
and, if present, are independently selected from groups 
5 which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
substrate of said HIV euspartyl protease. 

More preferred cospounds of formula XL 
contain at least one group or comprising -SOj-* 

10 Most preferrred cosipounds of formula XL contain at 
least one group or ccoprising a siibstituted 
sulfonamide. 

In one embodiment of this invention, 
coo^oimds of formula XL may be further constrained by 

15 "conformational locks", such as a macrocyclic ring 

* structure . Such constraints are well known in the art 
of peptidomimetics smd may resiilt in compounds with 
strong biological activity. See, for exanqple, Dhanoa, 
D.S. et al. "The Synthesis of Potent Macrocyclic Renin 

20 Inhibitors" Tetrahedron Lett, 33, 1725 (1992) and 

Flynn, G.A. et al. "An Acyl-Iminium Ion Cyclization 
Route to a Novel Conf oannationally Restricted Dipeptide 
Mimic: implications to Angiotensin- Converting Enzyme 
Inhibition" J.Am, Chem, Soc=. 109, 7914 (1989)). 

25 This invention also includes novel methods 

for accurate identification, design, or prediction of 
HIV inhibitors characterized by structural and 
physicochemical features (1) through (6) . By virtue of 
these methods, the skilled artisan can routinely 

30 predict and produce particularly effective HIV protease 
inhibitors. 

We have foxmd that the following method for 
identification, design or prediction of effective HIV 
protease inhibitors is particularly useful; 
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(a) selecting a candidate ccaspound of 
defined chemical structiire containing a first and a 
second hydrogen bond acceptor xnoietyi at least one of 
which is more highly polarlzable than a carbonyl, said 

5 moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 

(b) determining a low* energy 

10 conformation for binding, of said compound to the active 
site of an HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 

15 HIV aspartyl protease when said coznpoiind is bound 
thereto in said conformation; 

(d) evaluating the capability of said 
substeintially hydrophobic moieties to associate with 
the and P^' binding pockets of said HIV aspartyl 

20 protease when said coxqpound is bound thereto in said 
conformation; 

(e) evalxiating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
Asp25 and Asp25* of said HIV aspartyl protease when 

25 said confound is bound thereto in said conformation; 

(f ) evaluating the overlap of the 
occupied voluime of said compound when said compound is 
bound to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 

30 substrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is boxind to 
said HTV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said coxxpoimd to said HIV aspartyl 

35 protease; 
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(h) evaluating the enthalpic 
contribution of the sum of all electrostatic 
interactions between said compound and said HIV 
aspartyl protease when said cospoimd is bound thereto 

5 in said conformation; and 

(i) accepting or rejecting said 
candidate cosqpoiind as an HIV protease inhbitor based 
upon the determinations and evaluations carried out in 
steps (b) through (h) . 

10 Using the novel combination of steps set 

forth in this screening method, the skilled artiscm can 
advantageously avoid time consuming and expensive 
experimentation to determine enzymatic inhibition 
activity of particular coznpoxinds. The method is also 

15 useful for facilitating rational design of HTV protease 
inhibitors and ant i- HIV viral agents, including 
thesrapeutic and prophylactic agents against HIV 
infection. Accordingly, the present invention relates 
to such inhibitors and anti -viral agents produced by 

20 the screening method described above. 

A variety of conventional techniques may be 
used to carry out each of the above evaluations. 
Generally, these techniques involve determining the 
location and binding proximity of a given moiety, the 

25 occupied volume of space of a bound conpoxind, the 

deformation energy of binding of a given con^^ound and 
electrostatic interaction energies. Examples of 
conventional technicjues useful in the above evaluations 
include: quantiun mechanics , molecular mechanics, 

30 molecular dynamics, Monte Carlo sanpling, systematic 

searches and distance geometry methods (G.R. Marshall, 
Ann, Ref- Pharmacol. Toxicol., 27, p. 193 (1987)). 
Specific computer software has been developed for use 
in carrying out these methods. Examples of programs 

35 designed for such uses include: Gaussiam 92, revision C 
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(M.J. Prisch, Gaussian, Inc., Pittsburgh, PA ^1992) ; 
AMBER, version 3.0 (U.C. Singh, University of 
California at San Francisco, ^1992); QDANTA/CHAHMM 
(Molecular Simulations, Inc., Bxirlington, MA «*1992) ; 
5 and Insight II/Disccver (Biosysm Technologies Inc., San 
Diego, CA ^1992) . These programs may be implemented, 
for instance, using a Silicon Graphics workstation, 
IRIS 4D/35 or IBM RISC/6000 workstation model 550. 
Other hard%»re systems and software packages will be 
10 known and of evident applicability to those skilled in 
the art. 

Additional analysis of the actual detailed 
interactions of the HIV protease - inhibitor conqplex can 
be employed to ascertain more specifically the binding 

15 associations between the enzyme and the bound 

inhibitor. Such analysis may be carried out, for 
example, by studying a solution of the complex by 
single- and mul ti - dimensional NMR techniques. 
Advantageously, the enzyme and/ or the inhibitor may be 

20 enriched with stable isotopes such as "c, and to 
more easily determine binding conformation and 
proximity. Techniques, such as isotope editing, may be 
used to enhance the resolution with which the 
interactions are observed. 

25 Either as cm alternative or a supplemental 

analysis, the HIV protease- inhibitor conplex may be 
studied by single crystal X-ray diffraction* The 
process of determining the structures of 
protein/ inhibitor complexes using the X-ray techniques 

30 described above is well known and has been used for 
many different complexes (see T.L. Bliindel and L.N. 
Johnson, Protein Crystalloaraphv , Academic Press, 
(1976) cmd Methods in Enzvmolocrvr . volumes 114 and 115, 
H.W. Wyckoff et al,, eds.. Academic Press (1985)). 
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This technique can exnploy, for instance, a highly 
purified preparation of HIV protease coirplexed with an 
inhibitor of interest in a buffered solution 
(typically at a pH of between about 4.5 and about 8.0) . 
5 The complex is allowed to crystallize in the presence 
of a precipitation agent (such as ammonium sulfate) 
under conditions which yield sdLngle crystals of the 
conplex. Specific conditions for crystallizing HIV 
protease with vaxioxxs inhibitors have been well 

10 documented (see, for example, 6.B. Dreyer et al., 

Biochemistry . 31, p. 6646 (1992))- -^^plication of a 
concentrated X-ray beam to an appropriately prepared 
and mounted crystal (preferably, an X-ray beam from a 
rotating anode X-ray generator or synchrotron) will 

15 yield a diffraction pattern from the reflected X-ray 
beam. 

Detection of the diffracted rays may be 
carried out by visualizing photographic paper eo^osed 
to the diffracted X-rays or alternatively, by using a 

20 multiwire area detector (such as that manufactured by 
Siemens Analytical X-Ray Instruments, Inc. (Madison, 
WI) ) or an R-axis II image plate system from Rigaku 
Corporation (distributed by Molecular Structure 
Corporation, The Woodlands, TX) . Other systems for 

25 generating and collecting X-ray diffraction data will 
be known to those of ordinary skill in the art. 

Refinement of the X-ray diffraction data 
yields a three dimensional structure. Computer 
software (such as X-PLOR (Yale University, ^1992, 

30 distributed by Molecular Simulations, Inc.) has been 
developed to carry out this refinement. 

In general, using the above techniques with 
an appropriately prepared crystalline coxiplex, a 
structure may be refined to about 2-3 A with an R value 

35 of about 0.25 or less. As the skilled artisan can 
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appreciate, these values are adequate to determine the 
interactions between HIV protease and a given caii?)Oiuid 
such that it will be clear if featxires (1) through (6) 
are present and consequently, whether that given 
5 compound is an HIV aspartyl protease inhibitor. Thus, 
additional inhibitors according to this invention may 
be designed and predicted based on a coxiibination of 
crystallographic structural information and 
computational analysis. 

10 For example, to predict the binding of a 

candidate inhibitor according to this invention, the 
inhibitor is examined to determine whether the molecule 
contains functionality which is not well represented by 
the existing f orcefield models in CHASMM (Molecular 

15 Simulations Incorporated, Burlington, MA) or AMBER 

(Professor P. A. Roll man, UCSF) . If any functionality 
is not well represented, we then examine all published 
structural information for molecules containing such 
fimctionality, and in some cases perform high-level ab 

20 initio calculations on siitple molecules containing 
these functionalities to determine their preferred 
conformations and the energy differences between 
various conformations. More accurate parameters 
describing these functional groups may then be derived 

25 for the CHARMM and/or AMBER forcef ields and used in 
subsequent calculations. 

Next, the csmdidate inhibitor is aligned in 
3 -dimensional space with other, related inhibitors 
whose bound confojnnations have previously been 

30 determined by x-ray crystallography. Both Van der 

Walls volume and electrostatic potentials are used to 
direct the alignment process. The alignment is 
typically done with software like Quanta (Molecular 
Simulations) or Insightll (Biosym Technologies, San 

35 Diego, CA) * This alignment can be done manually within 
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this software, or more automated alignment procedures 
within the software (e.g. the "superinpose" option of 
Quanta or the "APEX" module of Insight II) may be used. 
The result of this alignment is a first guess of the 
5 "bound" conformation of the Ccuididate inhibitor. This 
inhibitor is then docked in the active site of HIV 
protease, and the confomation is energy minimized with 
the enzyme atoms held fixed in space. These 
minimizations are typically done using the CHARMM or 

10 AMBER forcefields. 

Because inhibitors can sometimes bind in 
multiple or unexpected conformations within an active 
site, we often then carry out further searches of the 
bound conformation of the enzyme- inhibitor conplex. 

15 For example, a variety of Monte Carlo search techniques 
(e.g. as found in the Conformational Search Module of 
Quanta) may be used, along with high-tenperature 
dynamics and simulated annealing. These search 
techniques reveal whether there are alternative, 

20 reasonable low- energy conf omrations in which the 
inhibitor may bind to the enzyme. The effects of 
solvation and desolation in the formation of the 
various enzyme- inhibitor contplexes may be estimated 
with programs such as DELPHI (Biosym) , Polaris 

25 (Molecular Simulations) and AMSOL (Professor C. Cramer,. 
University of Minnesota) . The result of this searching 
is a set of one or more bound conformations for the 
candidate inhibitor. 

For each of the low-energy conformations, 

30 waters may then be added to the active site of the 
enzyme and the entire system relaxed. Finally, 
molecular dynamics simulations may be used to study the 
detailed motions of the enzyme, the inhibitor, and 
related water molecules. 
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The final set of remaining low- energy 
conformations (typically a very small nianber) 
represents our predictions of the bound conformation of 
the candidate inhibitor. Bach conformation includes 
5 our estimate of the dynamic flexibility of the entire 
system (inhibitor, enzyme, and waters) . 

The more advanced methodology is typically 
applied to the study of the first few compounds in a 
series, when there are the greatest uncertainties about 

10 the possible binding mode(s) in the enzyme active site. 
For later coirpounds within a series, the low energy 
conf ormers obtained from the searches on earlier 
coopounds provide information about the possible low 
energy conf ormers of the inhibitor confounds. In 

15 addition, crystallographic information about the 
conformation of the bound complexes of earlier 
conpoimds within a series is often available. This 
prior computational and structural work advantageously 
facilitates the prediction of the bound conformation of 

20 candidate inhibitor molecules. 

To exeir?>lify the above screening method, we 
have carried out the following evaltiation of compound 
140 (Table II) , a preferred compound of this invention, 
as described below. 

25 Prediction of Binding Conformation and Enercrv of 
Compound 140 to HIV Protease 

The forcefield for the benzenesulf onamide 
portion of conqpound 140 was derived from ab initio 
calculations and incorporated into the AMBER 

30 forcefield. The latest CHARMM forcefield parameters 
for this moiety were found to be adequate for energy 
minimization studies and are used in all Quanta/CHAKMM 
calculations . 
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The low energy conf ormers obtained from the 
conformational searches on earlier conpounds in the 
sulfonamide series (such as conpound 16) provided 
information eUDOUt the possible low energy conf ormers of 
5 compound 140. These low energy conf ormers were aligned 
in 3 -dimensional space with other related inhibitors 
whose bound conformations have previously been 
determined by x-ray crystallography. This alignment 
process was carried out manually within Quanta and, in 

10 some cases, was assisted with .the *conf ormational 
search" option of Quanta. The reference crystal 
structure used in this alignment was the conplex of 
HIV-1 protease with conpound 16. This inhibitor 
structure was energy minimized in the active site of 

15 the enzyme using Quanta/CHARM. The enzyme atoms were 
held fixed during this minimization. Only the flap 
water was included. Later simulations allowed the 
enzyme to relax and used a variety of dielectric 
approximations. A single low- energy conformation which 

20 was consistent with aJ.1 previous conformational 

simulations and crystallographic data was obtained (see 
Figure 1) . This predicted binding conformation was 
later found to be essentially in agreement with the 
results obtained by x-ray crystallography (see Figures 

25 2 and 3) . 

As discussed above, the novel conpounds of 
the present invention are excellent ligands for 
aspartyl proteases, particularly HIV-l and HIV- 2 
proteases. Accordingly, these compounds are capable of 

30 targeting and inhibiting late stage events in HIV 
replication, i.e., the processing of the viral 
polyproteins by HIV encoded proteases. Such compounds 
inhibit the proteolytic processing of viral polyprotein 
precursors by inhibiting aspartyl protease. Because 

35 aspartyl protease is essential for the production of 
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mature virions, inhibition of that processing 
effectively bloclcs the spread of virus by inhibiting 
the production of infectious virions, particularly from 
chronically infected cells. Confounds according to 
5 this invention advantageously inhibit the eibility of 
the HIV-1 virus to infect immortalized human T cells 
over a period of days, as determined by an assay of 
extracellular p24 antigen a specific marker of viral 
replication. Other anti-viral assays have confirmed 

10 the potency of these coopounds. 

The cosqpounds of this invention may be 
employed in a conventional manner for the treatment of 
viruses, such as HIV and HTLV, which depend on aspartyl 
proteases for obligatory events in their life cycle • 

15 Such methods of treatment, their dosage levels and 

requirements may be selected by those of ordinary skill 
in the art from available methods and techniques. For 
exanple, a cospoiind of this invention may be combined 
with a pharmaceutically acceptable adjuvant for 

20 administration to a virally- infected patient in a 

pharmaceutically acceptable manner amd in cm amount 
effective to lessen the severity of the viral 
infection. 

Alternatively, the conpounds of this 
2.5 invention may be used in vaccines and methods for 

protecting individuals against viral infection over an 
extended period of time. The conpounds may be extployed 
in such vaccines either alone or together with other 
compounds of this invention in a manner consistent with 
30 the conventional utilization of protease inhibitors in 
vaccines. For example, a coccpound of this invention 
may be combined with pharmaceutically acceptable 
adjuvants conventionally enployed in vaccines and 
administered in prophylactically effective amo\ints to 
35 protect individuals over an extended period time 
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against HIV infection. As such, the novel protease 
inhibitors of this invention CcUi be administered as 
agents for treating or preventing HIV infection in a 
mammal • 

5 The compounds of formula I, especially those 

having a molecular weight of less than about 700 
g/mole, may be readily absorbed by the bloodstream of 
mammals upon oral administration. Cosapounds of formula 
I having a molecxilar weight of less than about 600 

10 g/mole are most likely to demonstrate oral 

availability. This surprisingly impressive oral 
availability makes such conpounds excellent agents for 
orally-administered treatment and prevention regimens 
against HIV infection. 

15 The confounds of this invention may be 

administered to a healthy or HIV-infected patient 
either as a single agent or in combination with other 
anti -viral agents which interfere with the replication 
cycle of HIV. By administering the compounds of this 

20 invention with other anti -viral agents which target 
different events in the viral life cycle, the 
therapeutic effect of these compounds is potentiated. 
For instance, the co- administered anti -viral agent can 
be one which targets early events in the life cycle of 

25 the virus, such as cell entry, reverse transcription 

amd viral DNA integration into cellular DNA. Anti -HIV 
agents targeting such early life cycle events include, 
didanosine (ddl) , alcitabine (ddC) , d4T, zidovudine 
(AZT) , polysulfated polysaccharides, sT4 (solxible CD4) , 

30 ganiclovir, dideoxycytidine, trisodium 

phosphonof ormate, eflomi thine, ribavirin, acyclovir, 
alpha interferon and trimenotrexate . Additionally, 
non-nucleoside inhibitors of reverse transcriptase, 
such as TIBO or nevirapine, may be used to potentiate 

35 the effect of the confounds of this invention, as may 



wo 94/05639 



PCr/US93/08458 



- 97 - 

viral xincoating inlxibitors , Inhibitors of trans - 
activating proteins such as tat or rev, or inhibitors 
of the viral integrase. 

Coxnbination therapies according to this 
5 invention exert a synergistic effect in inhibiting HIV 
replication because each component agent of the 
combination acts on a different site of HIV 
replication. The use of such combinations also 
advantageously reduces the dosage of a given 

10 conventional anti- retroviral agent which would be 
required for a desired therapeutic or prophylactic 
effect as compared to when that agent is administered 
as a monotherapy. These combinations may reduce or 
eliminate the side effects of conventional single cuati- 

15 retroviral agent therapies while not interfering with 
the anti -retroviral activity of those agents. These 
cozxtbinations reduce potential of resistance to single 
agent therapies, while minimizing any associated 
toxicity. These combinations may also increase the 

20 efficacy of the conventional agent without increasing 
the associated toxicity. In particular, we have 
discovered that these compoxinds act synergistically in 
preventing the replication of HIV in human T cells. 
Preferred combination therapies include the 

25 administration of a cospound of this invention with 
AZT, ddl, ddC or d4T. 

Alternatively, the compounds of this 
invention may also be co- administered with other HIV 
protease inhibitors such as Ro 31-8959 (Roche), 

30 L-735,524 (Merck), XM 323 (Du- Pont Merck) and A- 80, 987 
(Abbott) to increase the effect of therapy or 
prophyleucis against various viral mutants or members of 
other HIV quasi species. 

We prefer administering the compounds of this 

35 invention as single agents or in combination with 
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retroviral reverse transcriptase inhibitors, such as 
derivatives of AZT, or other HIV aspaxtyl protease 
inhibitors. We believe that the co- administration of 
the confounds of this invention with retroviral reverse 
5 transcriptase inhibitors or HIV aspartyl protease 

inhibitors may exert a siibstantial synergistic effect, 
thereby preventing, substantially reducing, or 
completely eliminating viral infectivity and its 
associated syxr^)toms. 

10 The confounds of this invention can also be 

administered in combination with immxinomodulators 
(e.g., bropirimine , ant i - human alpha interferon 
antibody, IL-2, 6M-CSF, methionine enkephalin, 
interferon alpha, diethyldithiocarbamate , tumor 

15 necrosis factor, naltrexone and rEPO) ; and antibiotics 
(e.g., pentamidine isethiorate) to prevent or combat 
infection and disease associated with HIV infections, 
such as AIDS and ARC. 

When the compounds of this invention are 

•20 administered in combination therapies with other 
agents, they may be administered sequentially or 
concurrently to the patient. Alternatively, 
pharmaceutical or prophylactic compositions according 
to this invention may be comprised of a combination of 

25 an aspartyl protease inhibitor of this invention and 
another therapeutic or prophylactic agent. 

Although this invention focuses on the use of 
the compounds disclosed herein for preventing and 
treating HIV infection, the compounds of this invention 

30 can also be used as inhibitory agents for other viruses 
which depend on similar aspartyl proteases for 
obligatory events in their life cycle. These viruses 
include, as well as other AIDS- like diseases caused by 
retroviruses, such as simian immunodeficiency viruses, 

35 but are not limited to, HTLV-I and HTLV-II. In 
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addition, the coinpoimds of this invention may also be 
used to inhibit other aspartyl proteases, and in 
particular, other human eispartyl proteases, including 
renin and aspartyl proteases that process endothelin 
5 precursors . 

Pharmaceutical conpositions of this invention 
comprise any of the compounds of the present invention, 
and phazmaceutically acceptable saats thereof , with any 
pharmaceutically acceptable carrier, adjuvant or 

10 vehicle. Pharmaceutically acceptable carriers, 
adjuvants anA vehicles that may be used in the 
pharmaceutical conqpositions of this invention include, 
but are not limited to, ion exchangers, alumina, 
aluminxim stearate, lecithin, serum proteins, such as 

15 human serum albimdn, buffer substsmces such as 

phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 
sulfate, disodiiim hydrogen phosphate, potassiiim 

20 hydrogen phosphate, sodiiun chloride, zinc salts, 

colloidal silica, magnesium trisilicate, polyvinyl 
pyrrolidone, cellulose-based substances, polyethylene 
glycol, sodixim carboxymethylcellulose, polyacrylates , 
waxes, polyethylene-polyoxypropylene-block polymers, 

25 polyethylene glycol and wool fat. 

The pharmaceutical coztpositions of this 
invention may be administered orally, parenterally, by 
inhalation spray, topically, rectally, nasally, 
buccally, vaginally or via an implanted reservoir. We 

30 prefer oral administration or administration by 

injection. The pharmaceutical compositions of this 
invention may contain any conventional non- toxic 
pharmaceutically- acceptable carriers, adjuvants or 
vehicles. The term parenteral as used herein includes 

35 subcutcmeous , intracutaneous, intravenous. 



wo 94/05639 



PCT/US93/08458 



- 100 - 

intramuscular, intra- art icnilar, intrasynovial , 
intrastemal, intrathecal, intralesional and 
intracranial injection or infusion techniques. 

The pharmaceutical cortpositions may be in the 
5 form of a sterile injectable preparation, for example, 
as a sterile injectable aqueous or oleaginous 
suspension. This suspension may be formulated 
according to techniques known in the art using suitable 
dispersing or wetting agents (such as, for exaxi?)le, 
10 Tween 80) and suspending agents. The sterile 

injectable preparation may also be a sterile injectable 
solution or suspension in a non- toxic parenterally- 
acceptable diluent or solvent, for example, as a 
solution in 1,3-butanediol. Among the acceptable 
15 vehicles and solvents that may be employed are 

mannitol, water. Ringer's solution and isotonic sodiiim 
chloride solution. In addition, sterile, fixed oils 
are conventionally en^jloyed as a solvent or suspending 
medium. For this purpose, any bland fixed oil may be 
20 eic5)loyed including synthetic mono- or diglycerides . 
Patty acids, such as oleic acid and its glyceride 
derivatives are useful in the preparation of 
injectables, as are natural pharmaceutically- 
acceptable oils, such as olive oil or castor oil, 
25 especially in their polyoxyethylated versions. These 
oil solutions or suspensions may also contain a long- 
chain alcohol diluent or dispersant such as Ph. Helv or 
a similar alcohol . 

The pharmaceutical conpositions of this 
30 invention may be orally administered in any orally 

acceptable dosage form including, but not limited to, 
capsules, tablets, and aqueous suspensions and 
solutions. In the case of tablets for oral use, 
carriers which are commonly used include lactose and 
35 com starch. Liibricating agents, such as magnesium 
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stearate, are also typically added. For oral 
administration in a capsxxle form, useful diluents 
include lactose cind dried com starch. When aqueous 
suspensions are administered orally, the active 
5 ingredient is coznbined with emulsifying and suspending 
agents. If desired, certain sweetening and/or 
flavoring and/or coloring agents may be added. 

The pharmaceutical compositions of this 
invention may also be administered in the form of 

10 suppositories for rectal administration. These 

cospositions can be prepared by mixing a conqpound of 
this invention with a suitable non- irritating excipient 
which is solid at room temperatixre but liquid at the 
rectal tenperature and therefore will melt in the 

15 rectum to release the active conponents. Such 

materials include, but are not limited to, cocoa 
butter, beeswax and polyethylene glycols. 

Topical administration of the pharmaceutical 
conpositions of this invention is especially useful 

20 when the desired treatment involves areas or organs 
readily accessible by topical application. For 
application topically to the skin, the pharmaceutical 
composition should be formulated with a suitcible 
ointment containing the active components suspended or 

25 dissolved in a carrier. Carriers for topical 

administration of the con5)ounds of this invention 
include, but are not limited to, mineral oil, liquid 
petroleum, white petrolexjm, propylene glycol, polyoxy- 
ethylene polyoxypropylene compound, emulsifying wax and 

30 water. Alternatively, the pharmaceutical composition 
can be formulated with a suitable lotion or cream 
containing the active conpoxmd suspended or dissolved 
in a carrier. Suitable carriers include, but are not 
limited to, mineral oil, sorbitan monostearate, 

35 polysorbate 60, cetyl esters wax, cetearyl alcohol. 
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2-octyldodecanol, benzyl alcohol and water. The 
pharmaceutical compositions of this invention may also 
be topically applied to the lower intestinal tract by 
rectal suppository formulation or in a suitable enema 
5 formulation. Topically-transdermal patches are also 
included in this invention. 

The pharmaceutical compositions of this 
invention may be administered by nasal aerosol or 
inhalation. Such compositions are prepared according 

10 to techniques well-known in the art of pharmaceutical 
formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable 
preservatives, absorption promoters to enhance 
bioavailability, f luorocarbons, and/ or other 

15 solubilizing or dispersing agents known in the art. 

Dosage levels of between about .01 and about 
100 mg/kg body weight per day, preferably between about 
0.5 and about 50 mg/kg body weight per day of the 
active ingredient compound are useful in the prevention 

20 and treatment of viral infection, including HIV 

infection. Typically, the pharmaceutical compositions 
of this invention will be administered from about 1 to 
about 5 times per day or alternatively, as a continuous 
infusion. Such administration can be used as a chronic 

25 or acute therapy- The amount of active ingredient that 
may be combined with the carrier materials to produce a 
single dosage form will vary depending upon the host 
treated and the particular mode of administration. A 
typical preparation will contain from about 5% to about 

30 95% active compound (w/w) . Preferably, such 

preparations contain from about 20% to about 80% active 
compound . 

Upon improvement of a patient's condition, a 
maintenance dose of a compound, composition or 
35 combination of this invention may be administered, if 
necessary. Subsequently, the dosage or frequency of 
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administration, or both, may be reduced, as a function 
of the sysptoms, to a level at which the improved 
condition is retained when the syxtptoms have been 
alleviated to the desired level, treatment should 
5 cease. Patients may, however, require intermittent 

treatment on a long-term basis upon any recurrence of 
disease sysptoms. 

As the s)cilled artisan will appreciate, lower 
or higher doses than those recited above may be 

10 required. Specific dosage and treatment regimens for 
any particular patient will depend upon a variety of 
factors, including the activity of the specific 
conipound enployed, the age, body weight, general health 
status, sex, diet, time of administration, rate of 

15 excretion, drug conibination, the severity and course of 
the infection, the patient *s disposition to the 
infection and the judgment of the treating physician. 

The coztqpounds of this invention are also 
useful as commercial reagents which effectively bind to 

20 aspartyl proteases, particularly HIV aspartyl protease. 
As commercial reagents, the confounds of this 
invention, and their derivatives, may be used to block 
proteolysis of a target peptide or may be derivatized 
to bind to a stable resin as a tethered substrate for 

25 affinity chromatography applications. These and other 
uses which characterize commercial aspartyl protease 
inhibitors will be evident to those of ordinary skill 
in the art.- 

In order that this invention be more fully 

30 understood, the following examples are set forth. 

These examples are for the purpose of illustration only 
and are not to be construed as limiting the scope of 
the invention in any way. 
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general Mat:erials and Methods 

All tenqperatures axe recorded in degrees 
Celsius. Thin layer chromatography (TLC) was carried 
out using 0.25 mm thick E. Merck silica gel 60 F254 
5 plates and elution with the indicated solvent system. 
Detection of the conpounds was carried out by treating 
the plate with an appropriate vistializing agent, such 
as 10% solution of phosphomolybdic acid in ethanol or a 
0.1% solution of ninhydrin din ethanol , followed by 

10 heating, and/or by esqposure to UV light or iodine 
vapors when appropriate. Thick layer silica gel 
chromatography was also carried out using E. Merck 60 
^254 Pl^*^®s ("prep plates") of 0.5, 1.0, or 2.0 mm 
thickness. Following development of the plate, the 

15 band of silica containing the desired conpoxind was 
isolated and eluted with an appropriate solvent. 
Analytical HPLC was carried out using a Water's Delta 
Pak, 5 fM silica, C18 reversed -phase coliamn, 3.9 mm ID 
X 15 cm L with a flow rate of 1.5 mL/min using the 

20 following taible: 



Mobile phase: A «'0.1% CFjCOjH in H^O 

B = 0.1% CF3CO2H in CH3CN 

Gradient: T = 0 min. , A (95%), B (5%) 

T = 20 min., A (0%), B (100%) 
25 T = 22.5 min., A (0%), B (100%) 

Preparative HPLC was also carried out using C^^ 
reversed -phase media. HPLC retention times were 
recorded in minutes. MMR spectral data was recorded 
using a Bruker AMX500, equipped with either a reverse 
30 or QNP probe, at 500 MHz, and was taken in the 
indicated solvent. 

We have measured the inhibition constants of 
each compound against HIV-l protease using the method 
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described essentially by M.W. Pennington et al., 
Peptides 1990 , Gimet, E. and D. Andrew, Eds., Escom; 
Leiden, Netherlands (1990) . 

Conpounds of fonmila I were tested for their 
5 antiviral potency in several virological assays* In 

the first assay, the confounds were added as a solution 
in dimethylsxxlfoxide (DMSO) to a test cell cxilture of 
CCRM-CEM cells, a strain of CD4* human T-cell lynqphoma 
cells, previously acutely infected with HIVj^jj^ using 

10 standard protocols (see Meek, T. D. et al., "Inhibition 
of HTV-l protease in infected T-lyxiphocytes by 
synthetic peptide analogues", Ha£U£&, 343, p. 90 
(1990). Preferred confounds are those which are able to 
inhibit 90% of viral infect ivity at a concentration of 

15 1 /xM or less. More preferred compounds are those which 
are able to inhibit 90% of viral infect ivity at a 
concentration of 100 nM or less. 

The effect of the coii?>ounda on inhibiting the 
replication of the virus was measured by determining 

20 the HIV extracellular p24 antigen concentration using a 
commercial enzyme immunoassay (obtained from Coulter 
Corporation, Hialeah, FL) . 

Depending on the cell type and the desired 
readout, syncytia formation, reverse- trainscriptase (RT) 

25 activity, or cytopathic effect as assayed by a dye 

uptake method may also be used as readouts of suativiral 
activity. See H. Mitsuya and S. Broder, "Inhibition of 
the in vitro inf ectivity and cytopathic effect of human 
T-lymphotropic virus type Ill/lyitphoadenopathy- 

30 associated virus (HTLV-III/IiAV) by2',3'- 

dideoxynucleosides", Proc, Natl. Acad, Sci. USA, 
vol. 83, pp. 1911-1915 (1986). The effect of compounds 
of formula I on clinical isolates of other HIV-1 
strains was determined by obtaining low-passaged virus 

35 from HIV-infected patients and assaying the effect of 
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the inhibitors in preventing infection of the HIV virus 
in freshly prepared human peripheral blood mononuclear 
cells (PBMCs) . 

Insofar as conpounds of formula I are able to 
5 i n h i bit the replication of the HIV virus in human 

T- cells and furthermore, may be delivered orally to 
mammals, they are of evident clinical utility for the 
treatment of HIV infection. These tests are predictive 
of the compounds ability to inhibit HIV protease in 
10 vivo . 



A. Conpound XI ((syn)-OH, D' -= benzyl). 184 g of 
Brockman Super I grade neutral alumina was slurried in 
sufficient diethyl ether to form a thick, stirrable 

15 suspension and was treated with 7.48 mL of benzylamine. 
After stirring for 5 min, 7.28 g of (1S,2S} -1- (N- 
benzyojqrcarbonyl) -amino-2-phenylethyl-oxirane was added 
and the mixture stirred for 15 h. The mixture was 
treated with 15.28 g of di- tert-butylpyrocarbonate and 

20 4.70 mL of diisopropylethylamine. This mixture was 
stirred for 3.5 h, then treated with 600 mL of 
methanol, allowed to stand for 3.5 h, and filtered to 
yield a yellow oil, which was purified by silica gel 
chromatography using a gradient of 0.5 to 1.5% methanol 

25 in methylene chloride to yield 3.88 g of the desired 
product as a white solid. Further washing the filter 
cake with methanol and with 3% ammonium hydroxide in 
methanol yielded 2.2 g of 4-benzylamino-2-N- 
benzylo^qrcarbonylamino- 3 - hydroxy - 1 - phenylbutane in 

30 several portions. Each of these portions was treated 
separately, as a solution in methylene chloride, with 
1.1 molar equivalents each of di-tert 
butylpyrocarbonate and diisopropylethylamine, followed 
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by aqueous worloip with water, 10% aqueous KIISO4, and 
brine, drying over MgSO^, and concentration in vacuo. 
The combined products of these reactions were purified 
by silica gel chromatography using a gradient of Sk to 
5 15% diethyl ether in methylene chloride. The resulting 
pure fractions were collected and combined with the 
previously purified product to yield 5.49 g of a white 
solid. TLC: Rf - 0.56, 5% methanol /CHjClj; (^H)-NMR 
(CDCI3) consistent with stsnicture. 

10 B. Con?)ound XII ( (syn) -OH, D« «= benzyl). A solution 
of 5.49 g of the resxiltant conpound of Example lA in 
40 mL of ethanol was hydrogenated tmder a slight 
positive pressure of hydrogen in the presence of 380 mg 
of 10% palladium on carbon for 16 h. After filtering 

15 and concentrating in vacuo, the desired product was 

obtained as 4.03 g of a white solid. TLC: Rf ^ 0.21, 
95:5:0.5 CH2Cl2/methanol/concentrated NH^OH. 

C. Compound XIII ( (syn) -OH, A « benzyloxycarbonyl, 
D* = benzyl). A solution of 3.02 g of the resultant 

20 compound of Example IB in 150 mL of methylene chloride 
was treated with 4.35 g of N^-Cbz-N*- trityl asparagine, 
1.16 g of hydroxybenzotriazole hydrate, and 1.64 g of 
1 - ( 3 - dimethy laminopropyl ) - 3 - ethyl carbodiimide 
hydrochloride. The mixture was stirred for 16 h, then 

25 diluted with 3 voltunes of diethyl ether and washed 

sequentially with water, saturated NaHC03 solution, 10% 
KHSO^ solution, cuid brine. After drying over MgSO^ and 
concentrating in vacuo, a yellow oil was obtained which 
was purified by chromatography on a Florisil colxomn 

30 using a gradient of 0% to 25% EtOAc in CH2CI2 as elxiant 
to yield 8.00 g of the title compound as a white foam. 
TLC: Rf « 0.51, 5% methanol/CHjClj; (^H)-NMR {CDCI3) 
consistent with structure. 
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D. Conpoxmd XIV ( (syn) -OH, A « H, D' « benzyl). A 
solution of 7.90 g of the resultant compound of 
Example IC in 150 mL of ethanol was hydrogenated under 
a slight positive pressure of hydrogen int he presence 

5 of 550 mg of 10* palladiim on carbon for 2.5 h, then 
ca. 50 mg more 10% palladiiun on carbon was added, the 
mixture was then filtered and concentrated in vacuo to 
give the desired product as 6.66 g of a white solid 
which was used without sxibseguent purification. TLC: 
10 Rf - 0.26, 95:5:0.5 CHjClj /methanol /concentrated NH^OH. 

E. Conpound XIV ((syn)-OH, A « quinoline-2-carbonyl, 
D' - benzyl). A suspension of 1.51 g of quinaldic acid 
and 6.17 g of the resultant coxnpoimd of Exazt^le ID in 
150 mL of acetonitrile was treated with 1.52 mL of 

15 diisopropylethylamine and 3.58 g of BOP reagent. The 
mixture was stirred for 14 h, then concentrated 
in vacuo. The gummy residue was partitioned between 
ether cmd water, and the organic layer was washed 
sequentially with brine, saturated NaHC03 solution, 

20 water, 10% KHSO4 solution, and brine, then dried over 
MgSO^ and concentrated in vacuo. Subsequent 
purification by silica gel chromatography using 0% to 
8.5% solvent A in methylene chloride (where solvent A 
is defined as 90:10:1, methylene chloride/methanol/ 

25 concentrated ammonium hydroxide) yielded 5.79 g of the 
title compound as a white foam, along with ca. 600 mg 
of slightly impure side fractions. TLC: Rf = 0.41, 5% 
methanol/CaJ2Cl2; (^H)-NMR (CDCI3) consistent with 
structure. 

30 F. Conpound 1. A 58 mg portion of the resultant 
con5)ound of Example IE was treated with 1 mL of 90% 
aqueous TFA and allowed to stand for 17 h. The mixture 
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was concentrated in vacuo and the residue taOcen up in 
3 idL of CH2CI2/ treated with 100 fLL of DIEA, and cooled 
to O'^C. To this solution %»s added 26 /i^ of 
benzenesulfonyl chloride, and the mixture was stirred 
5 for 18 h, warming slowly to ambient temperature. After 
concentration of the mixture in vacuo, the residue was 
purified by thick layer silica gel chromatography using 
5% MeOH/CHjClj as eluant followed by preparative 
reversed -phase 0^3 HPLC using a linear gradient of 40% 

10 to 100% CH3C3J/H2O with 0.1% TFA for elution to obtain 
8.3 mg of the title compound, TLC: Rf « 0.50, 5% 
MeOH/CnijClj. HPLC: Rt « 17.8 min. NMR (DMSO-d6)6 2.62 
(dd, IH); 2.76 9d, 2H} ; 2.80 (dd, IE); 3.11, (d, 2H} ; 
3.34 (dd, IH); 4.59 (br s, IH) ; 4.68 (br s, IH) ; 3.97 

15 (m, IH); 4.20 (d, IH) , 4.35 (d, IH) ; 4.68 (dd, IH) ; 

6.39 (d, IH); 6.74 (t, IH) ; 6.81 (t, 2H) ; 6.93 (d, 2H) ; 
7.12-7.24 (m, 6H) ; 7.51 (t, 2H) ; 7.57 (t, IH) ; 7.62 
(dd, IH); 7.77 (t, 2H) , 7.96 (d, IH) ; 8.09 {d, IH) ; 
8.16 (d, IH) ; 8.31 (d, IH) ; 8.53 (d, IH) . 

20 Example 2 

Coxnpoxind 2. A 150 mg portion of the 
resultant coxcipoiind of Exairple IE was dissolved in 1 mL 
of 90% aqueous TFA and stirred at ambient temperature 
overnight, then concentrated in vacuo. The crude TFA 

25 salt residue was dissolved in 7 mL of dry methylene 
chloride and the pH of the solution was adjusted to 
pH 8 with IN NaOH. 56 mg of a mixture of 4-fluoro-3- 
acetamidobenzene sulfonyl chloride and 3-fluoro-4- 
acetamidobenzene sulfonyl chloride (^-Izl) was added and 

30 the mixture stirred vigorously for 3 hours after which 
an additional 25 mg was added and the reaction allowed 
to continue for an additional 12 hours. The reaction 
was then diluted with 50 mL of ethylene chloride euid 
the organic layer was %^shed sequentially with water 
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and brine, dried over MgSO^ and concentrated in vacuo. 
The crude residue was purified using a silica gel flash 
chromatography column using a gradient of 3% to 5% MeOH 
in methylene chloride as eluant to yield 60 mg of the 
5 title coit5)Ounds. TLC: Rf « 0.50, 10% MeOH/CH2Cl2; 

HPLC: Rt -= 13.93 min. NMR (CDCI3) : fi9.0S (s, IH) ; 8.65 
(d, 0.5H); 8.58 (t, 0.5H), 8.20 (dd, 0.5H) , 7.85 (d, 
IH) 7.75 (m, O.SH), 7.45-7.63 (m, 1.5H) , 7.14-7.25 (m, 
6H), 6.78-6.95 (m, 5H), 6.70 (d, IH) , 6.41 (s, O.SH), 
10 6.25 (S, O.SH), 6.18 (s, O.SH), 6.10 (s, O.SH), 4.88 

(m, O.SH), 4.81 (m, O.SH), 4.37 (d, IH) , 4.35 (m, IH) , 
4.21 (d, IH), 4.00 (m, IH) , 3.46 (m, O.SH), 3.35 (m, . 
O.SH), 3.27 (d, O.SH), 3.16 (d, O.SH), 3.14 (d, IH) , 
2.45-2,75 (m, 5H) ; 2.16, 2.20 (2 s, 3H total). 

15 B3Sffttp3.e ? 

Conpound 3. A 23 mg portion of the resultant 
compoxind of Example IE was treated with 1 mL of 90% 
aqueous TFA and allowed to stand for 15 h. The mixture 
was concentrated in vacuo and the residue taken upon in 

20 2 mL of CH2CI2/ treated with 6 fih of DIEA, and cooled 
to O^'C. To this solution was added 23 mg of 3,5- 
dimethylisoxazole-4-sulf onyl chloride, and the mixture 
was stirred for 18 h, warming slowly to ambient 
temperature. After concentration of the mixture 

25 in vacuo, the residue was purified by preparative 

reversed-phase C^g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 
1.1 mg of the title coit5>ound. TLC: Rf = 0.55, 10% 
MeOH/CH2Cl2. HPLC: Rt = 14.5 min; (^H)-NMR (CDCI3) 

30 consistent with structure. 
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Ccopouxid 4. A 33 mg portion of the resultant 
confound of Exasple IE was treated with 1 znL of 90% 
aqueous TFA and allowed to stand for 15 h. The mixture 
5 was concentrated in vacuo and the residue taken up in 
3 mL of C3I2CI2' treated with 16 fih of DIEA, amd cooled 
to O^C. To this solution was added 10 /iL of 3- 
trifluoromethylbenzene sixlfonyl chloride, and the 
mixture was stirred for 18 h, warming slowly to ambient 

10 tenperature. After concentration of the mixture 
in vacuo, the residue %i;as purified by preparative 
reversed-phase C^g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 
1.1 mg of the title compound. TLC: Rf = 0.55, 10% 

15 MeOH/CHjClj. HPLC: Rt « 14.5 min; (^H) -NMR (CDCI3) 
consistent with structure. 

BxampJ.^ g 

Compoxand 5. A 20 mg portion of the resultant 
compound of Exair5)le IE was treated with 1 mL of 90% 

20 aqueous TFA and allowed to stand for 18 h. The mixture 
was concentrated in vacuo and the residue taken up in 
1 mL of CHjCljr treated with 10 ^L of DIEA, and cooled 
to O^C. To this solution was added 13 mg of 2- 
acetamido-4•methyl-5-thiazolesulf onyl chloride, and the 

25 mixture was stirred for 17 h, warming slowly to ambient 
tenperature . After concentration of the mixture 
in vacuo, the residue was purified by preparative 
reversed-phase C-,g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O with 0.1% TFA for elution to obtain 

30 0.40 mg of the title compound. TLC: Rf - 0.5, 10% 
MeOH/CH2Cl2. HPLC: Rt « 13.8 min; {^H)-NMR (CDCI3) 
consistent with structure. 
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Coii?)Ound 6. A 33 mg portion of the resultant 
compoimd of Exairple IE was treated with l inL of 90% 
aqueous TFA and allowed to stand for 16 h. The mixture 
5 was concentrated in vacuo emd the residue taiken up in 
2 mL of CH2CI2, treated with 16 /iL of DIBA, and cooled 
to 0®C. To this solution was added 11 mg of 5- 
(isoxazol-3-yl) thiophene-2-sulfonyl chloride, and the 
mixtxire was stirred for IB h, warming slowly to ambient 

10 temperature. After concentration of the mixture 
in vacuo, the residue" "was purified by preparative 
reversed -phase C^g HPLC using a linear gradient of 35% 
to 100% CHgCN/HjO with 0.1% TFA for elution to obtain 
1.5 mg of the title cort^jound. TLC: Rf «= 0.7, 10% 

15 MeOH/CH2Cl2. HPLC: Rt «= 14.7 min; (^H) -NMR {CDCI3) 
consistent with structure. 

Example 7 

Conpound 7. A 35.5 mg portion of the 
resultant compound of Example IE was treated with 1 mL 

20 of 90% aqueous TFA and allowed to stand for 18 h. The 
mixture was concentrated in vacuo and the residue taken 
up in 3 mL of CH2CI2, treated with 16 fiL of DIEA, and 
cooled to O^C. To this solution was added 10 mg of 3- 
chlorosulfonylbenzoic acid, and the mixture was stirred 

25 for 16 h, warming slowly to ambient teiiperature . After 
concentration of the mixture in vacuo, the residue was 
purified by preparative reversed -phase C-jg HPLC using a 
linear gradient of 35% to 100% CHgCN/HjO with 0.1% tTFA 
for elution to obtain 1.6 mg of the title coir5)Ound. 

30 TLC: Rf = 0.7, 10% MeOH/CH2Cl2. HPLC: Rt = 13.6 min; 
(^H)-NMR {CDCI3) consistent with structure. 
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Compotind 8. 0.04 sunol of the resultant 
compound of Example lOA was converted to the free base 
by partitioning between EtOAc and sat. NaHC03. 
5 Treatment of the resulting compound with an excess of 
1% HCl/MeOH and concentration in vacuo yielded the 
hydrochloride salt as a white solid. This compound was 
suspended in CH^Cl^ and treated with sufficient DIEA to 
bring the pH to >10 (moist pH paper) . The solution was 

10 treated with 7 molar equivalents of 

chlorotrimethylsilane and stirred for 15 h under 
nitrogen, then treated with 0.06 mmol of methane 
sulfonyl chloride and stirred for 1 h. The resulting 
mixture was concentrated to a small volume, applied 

15 directly to a thick layer silica gel plate and eluted 
with 7% MeOH/CHjClj. The primary UV-quenching band was 
isolated and further piirified by preparative reversed- 
phase HPLC to yield the title compound as a white 
solid. TLC: Rf = 0.65, 10% CHjOH/CH^Clj, HPLC: Rt = 

20 12.3 min; (^H)-NMR (CDClg) consistent with structure. 

Examples 9 and 192 

A. Compound XIV ((syn, anti-OH, A = quinoline-2- 
carbonyl, D» = isobutyl) . A solution of 317 mg (0.425 
mmol) of the resultant compounds of Example 17B, 

25 diastereomer B and 0.11 mL (0.637 mmol) of 

diisopropylethyl amine in 7 mL of dichloromethane was 
treated with 139.1 mg (0.637 mmol) of di-tert-butyl 
dicarbonate. After 24 hours, the mixture was diluted 
with dichloromethane. The mixture was washed with 

30 water, 5% NaHCOg, 0.5 N HCl, brine then dried over 

MgSO^, filtered and concentrated in vacuo. The residue 
was purified by low pressure silica gel coluian 
chromatography using a 20% ethyl 

acetate/dichloromethane as eluent to yield 81.2 mg of 
3 5 the fast moving hydroxy 1 diastereomer, 65.8 mg of the 

slower moving hydroxyl diastereomer, and 65.8 mg of the 
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mixed diastereomers. TLC: Rf = 0.60, 0.67, 40% 
EtOAc/CH2Cl2; (^H)-NMR (CDCI3) consistent with 
structure . 

B. Compotinds 9 and 192. A solution of 35.1 ng (0.041 
5 sunol) of the resultant mixed diastereomers (-1:1) of 

Example 9/192A in 0.8 mL of dichloromethane was treated 
with 0.8 mL of trif luoroacetic acid. After 4 hoxirs, 
the mixture was concentrated in vacuo. TLC: Rf = o.ll, 
10% CH30H/CH2C12* To a solution of the resulting 

10 trif luoroacetic acid salt (entire yield) in 1 mL of 
dichloromethane was seguentialled added 0.3 mL of 
saturated NaHC03, a small amount of solid NaHC03 and 
11.8 mg (0.054 mmol) of benzofurazan-4*sulphonyl 
chloride. After 3 hours, the mixture was diluted with 

15 dichloromethane. The two layers were separated and the 
aqueous layer was extracted once with dichloromethane. 
The combined organic layer was washed with brine then 
dried over MgSO^, filtered and concentrated in vacuo. 
The residue was purified by preparative HPLC to yield 

20 2.0 mg of compound 9 as a white solid: TLC: Rf = 0.20, 
5% CH3OH/CH2CI2; HPLC, RT 14.2 min. 2.7 mg of 
compound 192 was also obtained as a white solid, which 
was determined by NMR and HPLC to be contaminated with 
-25% of compound 9: TLC: Rf = 0.20, 5% CH3OH/CH2CI2; 

25 HPLC, Rt = 14.2 min. (^H)-NMR consistent with 
structure . 

Example 10 

A. Compound XV ((syn)-OH, A = quinoline-2-carbonyl, 
D» = benzyl; TFA salt). A 0*>C solution of 1.027 g 
30 portion of the resultant compound of Example IE in 5 loL 
of CH2CI2 was treated with 5 mL of TFA and allowed to 
stand for 3 h. The mixture was concentrated in vacuo 
to yield 0.95 g of the title compound, which was used 
without subsequent purification. 
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B. Canrpound 10. A solution of 30.2 mg of the 
resultant corapoxind of Exaii?)le lOA in 3 mL of CH2CI2 was 
treated with 0.33 mL of DIEA and 31.1 mg of m- 
benzenedisulfonyl chloride. The mixture was stirred 
5 for 2 h, then treated with 2 mL of concentrated aqueous 
ammonium hydroxide. The biphasic mixture was stirred 
for an additional 16 h, concentrated in vacuo, and the 
residue partitioned between ethyl acetate and brine. 
The organic layer was dried over anhydrous MgS04 and 

10 concentrated in vacuo, and the residue was purified by 
preparative thick layer silica gel chromatography using 
3% MeOH/CH2Cl2 as eliiant to yield 4.5 mg of the title 
compound. TLC: Rf - 0.5, 3% MeOH/CH2Cl2 as eluant to 
yield 4.5 mg of the title caii5>ound. TLC: Rf « 0.5, 3* 

15 MeOH/CH2Cl2. HPLC: Rt - 13.4 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Cair5)Ound 11. A solution of 57.9 mg of the 
resultant compound of Example lOA in 5 mL of CH2CI2 was 

20 treated with 30 /iL of DIEA and 9.3 of 

dimethylsulfamoyl chloride. The mixture was stirred 
for 12 h, then treated with an additional 30 fih ot DIEA 
and 9.3 fih of dimethylsulfamoyl chloride and the 
reaction was allowed to proceed an additional 12 hours. 

25 The mixture was then diluted with CH2CI2 and washed 

with saturated NH4CI; the aqueous layer was washed with 
CH2Cl2# and the combined organic extracts were dried 
over MgS04. Filtration and concentration provided a 
residue which was chromatographed on a silica gel 

30 column using 2.5% MeOH/EtOAc as eluent, yielding a 

slightly iii?)ure product which was further pvirif ied by 
preparative HPLC using a linear gradient of 35% to 100% 
CH3/CN/H2O with 0.1% TFA for elution. HPLC: Rt « 13.0 
minutes. NMR {CDCL3) : 69.15 (d, IH) , 8.34 (d, IH) , 
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8.22 


(d, IH), 


8.18 


(d, IH) , 7.90 (d, IH) , 


7.80 


(t, IH). 


7.65 


(t, IH), 


7.16 


-738 (m, 5H) , 7.05 (d, 


IH), 6 


.95 (t, 


IH) , 


6.87 (t. 


IH) , 


5.85 (br s, IH) , 5.62 


(br s, 


IH) . 


4.87 


(M, IH), 


4.46 


(8, 2E) , 4.08 (m, IH) , 


3.66 


(m, IH) , 


3.30 


(m, 2H) , 


2.59 


-2.94 (m, 4H), 2.81 (6, 


6H) . 





A, Compoiind XIV ( (syn) -OH, A « quinoline-2-carbonyl, 
D' « benzyl; trifluoroacetate salt). To a solution of 
1.027 g (1.164 nsnol) of the resultant coxtipound of 

10 Exanple IE in CH2CI2 (5 xnL) at 0** to 5**C was added 

trifluoromethanesulfonic acid (5 znL) . After stirring 
for 3 h, the reaction mixture was concentrated in vacuo 
to provide 0.95 g of light yellow, guxnrty product, 
containing one equivalent of triphenylmethanol , which 

15 was used without subsequent pxirif ication. 

B. Conqpound 12. To a solution of 30.2 mg 

(0.038 znznol) of the resultant contpound of Bxaxnple 12A 
in CH2CI2 (3 mL) was added diisopropylethylamine 
(0.33 mL, 0.189 ramol) , and 2- (pyrid-2-yl) -tyiophene-5- 
20 sulfonyl chloride 13 mg, (0.249 mmol) . After 14 h, the 
resulting mixture was diluted with ethyl acetate, 
washed with saturated brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
residue was purified by preparative reversed -phase 
25 chromatography using a 5% to 100% H20/acetonitrile 
gradient as eluant to yield the title product. 

Bp^gjtplg X3 

Compound 13. To a solution of 30 mg 
(0.038 mmol) of the resultant compound of Exan^sle 12A 
30 in CH2CI2 (3 mL) was added diisopropylethylamine 
(0.33 mL, 0.189 mmol), and 2- (3- 
phenylsulfonyl) thiophene sulfonyl chloride (0.113 
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xnmol) . After stirring for 2 the reaction mixtxire 
was made biphasic by addition of 30% ammonium hydroxide 
solution (2 mL) . After stirring for an additional 16 
h, the resultcuit mixtxire was concentrated in vacuo, 
5 reconstituted in ethyl acetate, washed with saturated 
brine, dried over magnesium sulfate, filtered, and re- 
concentrated in vacuo. Purification by thin layer 
prepaxative chroma tography yielded the desired 
conpound . 

10 Bxample 14 

Compound 14. The resulting coztpound of 
Example 17B, diastereomer B (170 mg) was treated with 1 
mL of 90% aqueous TFA and allowed to stouid for 12 h. 
The mixture was concentrated in vacuo and the residue 

15 taken up in 5 mL of dry CH2CI2. To this solution, 3 mL 
of saturated aqueous sodixim bicarbonate and 50 mg of 
4-fluorobenzenesulf onyl chloride was added and the 
mixture stirred for 3 h. The resulting mixture was 
diluted with CHjClj and washed with water, dried over 

20 magnesium sulfate and filtered. After concentration of 
the mixture in vacuo, a portion of the residue was 
purified by preparative reversed -phase C-|g HPLC using a 
linear gradient of 35% to 100% CHgCN/HjO with 0.1% TFA 
for elution to obtain 3.0 mg of the title compound. 

25 TLC: Rf = 0.25, 5% CH3OH in CHjClj- HPLC: Rt - 14.78 
min; (^H)-NMR (0)013) consistent with structure. 

Example 15 

Compoiind 15. A saziple of a mixture of 4- 
f luoro-3-acetamidobenzenesulf onyl chloride and 3- 
3 0 f luoro- 4 - acetamidobenzenesulf onyl chloride ( approx . 

1:1; obtained from Maybridge Chemicals) was resolved 
into its respective regioisomers by silica gel 
chromatography using 10% isopropyl alcohol /hexcuie as 
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eluent. A solution of 4-acetamido-3- 
fluorobenzenesulfonyl chloride (30 mg) and the 
resulting conpoxind of Example 17B, diastereomer B (80 
xng) in 10 mL of C&2^^2 reacted in the same manner 
5 as described for Bxanple 14. After worlcup cuid 

purification of a portion of the product by preparative 
reversed-phase C^g HPLC using a linear gradient of 35% 
to 100% CH3CN/H2O %d.th 0.1% TFA as eluent, 1.2 mg of 
the title conqpound was obtained as a white solid. TLC: 
10 Rf ■= 0.25, 5% CE3OH din CH2C12. HPLC: Rt » 12.91 min; 
(^H)-NMR (CDCI3} consistent with structure. 

Example 16 

Compound 16. 80 mg of the resulting compound 
of Example 17B, diastereomer B, was reacted with 45 mg 

15 of 3-acetamido-4-fluorobenzenesulfonyl chloride in the 
same manner as described for Exan^le 14. After worlcup 
and purification of a portion of the product by 
preparative reversed -phase C^g HPLC using a linear 
gradient of 35% to 100% CHgCN/HjO with 0.1% TFA as 

20 eluent, 1.4 mg of the title compound was obtained. 

TLC: Rf = 0.25, 5% CH3OH in CHjClj. HPLC: Rt = 12.91 
min; (^H) -NMR (CDCI3) consistent with structure. 

Example 17 

A. (2S)-2-((lS, 2R syn, anti)-3-(2- 
2 5 me thylpropy 1 ) amino - 1 - benzyl - 2 - hydoxypropy 1 ) - - 

( (quinoline-2-carbonyl) -cunino) -N^-trityl succinamide. 
A solution of 683.1 mg (0.96 mmol) of the resultant 
conpounds of Exaitple 191D and 1.9 mL (19.2 mmol) of 
isobutylamine in 10 mL of acetonitrile in a sealed tube 
30 was heated at 90-100'>C for 24 hours. After cooling to 
room teirperature, the mixture was concentrated 
in vacuo. The residue was taken up in dichloromethane 
and washed with water, brine, then dried over MgSO^, 
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filtered and concentrated in vacuo to yield 783.8 xng of 
the mixed diastereomeric products. TLC: Rf - O.ll, 10% 
cnigOH/CHjClj; (^H)-NMR (CDCI3) consistent with 
structure . 

5 B. Conpoxmd XIII, ( (syn, anti) -OH, A « quinoline-2- 
carbonyl, D' » isobutyl) . A solution of 583. B mg of 
the resultant compounds of Exasple 17A and 0.2 xoL of 
diisoprqpylethylamine in 10 xnL of dichloromethane was 
treated with 256 mg of di-tert -butyl dicarbonate. 

10 After 24 hours, the mixture was diluted with 

dichloromethane. The mixtixre was washed with water, 5% 
NaHC03, 0.5 N HCl, brine then dried over MgS04, 
filtered cuid concentrated in vacuo. The residue was 
purified by low pressure silica gel colxann 

15 chromatography using a 20% ethyl 

acetate/dichloromethane as eluent to yield 154.6 mg of 
the fast moving diastereomer A, later identified as 
having the anti configuration at the hydroxyl centers- 
SB. 8 mg of the slower moving diastereomer B, having the 

20 syn configuration at the hydroxyl center, and 204.6 mg 
of the mixed diastereomers A and B. TLC: Rf = 0.60, 
0.67, 40% EtOAc/CHjClj. 

C. Compound 17. A solution of 64.6 mg of the 
resultant compounds of Exanple 17B, diastereomer B, in 

25 1.5 mL of dichloromethane was treated with 1.5 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
concentrated in vacuo to yield the amine 
trifluoroacetate salt. TLC: Rf « 0.11, 10% 
CHgOH/CHjClj. To a solution of 17.8 mg of the resultant 

30 trifluoroacetate salt in 1 mL of dichloromethane was 

sequentially added 0.3 mL of saturated NaHCOg, a small 
amount of solid NeOICOg emd 10.7 mg of 4-acetamido- 
benzenesulphonyl chloride. After 3 hours, the mixture 
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was diluted with dichloromethane . The two layers were 
separated cuid the aqueous layer was extracted once with 
dichloromethane. The cambined organic layer was washed 
with brine then dried over MgSO^, filtered and 
5 concentrated in vacuo* The residue was purified by 

preparative HPLC to yield 14.4 mg of the title conpound 
as a white solid; TLC: Rf - 0.54, 10% CHgOH/CHjClj ; 
HPLC, Rt « 13.58 min; (^H) -NMR (CDCI3) consistent with 
structure. 

10 SxaroJ-g 19 

Campaund 18. To a solution of 20.8 mg (0.041 
mmol) of the crude trifluoroacetate salt obtained as 
from Bxaniple 17B, diastereomer B, in 1 mL of 
dichloromethane was sequentially added 0.3 mL of 

15 saturated NaLHC03, a small amoxint of solid NaHC03 cOid 
13.6 mg (0.054 mmol) of 2-acetamido-4-methyl-5- 
thiazolesulphonyl chloride. After 3 hours, the mixture 
was diluted with dichloromethane. The two layers were 
separated and the aqueous layer was extracted once with 

20 dichloromethane. The combined organic layer was washed 
with brine then dried over MgSO^, filtered and 
concentrated in vacuo. The residue was purified by 
preparative HPLC to yield 4.8 mg of the title compound 
as a white solid; TLC: Rf « 0.50, 10% CHgOH/CHjClj; 

25 HPLC: Rt « 13.35 min; (^H) -NMR (CDCI3) consistent with 
structure . 

Example 19 

A. Sodium 3-acetamidobenzenesulf onate. A solution of 
118.6 mg (0.55 mmol) of 3-acetamidobenzenesulf onic acid 
30 in 0.5 mL of water was treated with 0.55 mL (0.55 mmol) 
of 1.0 N NaOH at 0*»C. After stirring at room 
temperature for 4 hours, the mixture was concentrated 
to dryness and used without subsequent purification. 
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B. 3 -Acetamidobenzenesiilf onyl chloride. The crude 
mixtiire from Exasple 19A was cooled to O^^C and 0.29 g 
(1.38 mmol) of phosphoms pentachloride was added. The 
mixture of solid was stirred for 3 hours then 5 mL 

5 dichloromethane %rais added. After 24 hours, the slurry 
was filtered and concentrated in vacuo to yield 81.4 mg 
of solid product which was used without subsequent 
purification. TLC: Rf - 0.50, 40% EtOAC/CHjClj. 

C. Compound 19. A solution of 82.7 xng (0.098 xnmol) 
10 of diastereomer B, obtained in Example 17B, in 2 mL of 

dichloromethane was treated with 2 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
concentrated in vacuo to yield the amine 
trif luoroacetate salt which %ras used without further 

15 purification; TLC: Rf = 0.11, 10* CHgOH/CHjClj. A 
solution of this salt (entire yield) in 2 mL of 
dichloromethane was treated sequentially with 0.5 mL of 
saturated NaHCH03, s^^ll amount of solid NaUCOg and a 
aolution of 81.4 mg (0.046 mmol) of the resultant 

20 coirpound of Exait5)le 19B. After 3 hours, the mixture 

was diluted with dichloromethane. The two layers were 
separated and the aqueous layer was extracted once with 
dichloromethane. The combined organic layer %ras washed 
with brine then dried over MgSO^, filtered and 

25 concentrated in vacuo. The residue was purified by 

preparative HPLC to yield 24.7 mg of the title conrpound 
as a white solid; TLC: Rf « 0.42, 10% CHgOH/caijClj; 
HPLC: Rt = 13.8 min; (^H) -NMR (CDClg) consistent with 
structure . 
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CQspoimd 20. A solution of 209.0 zng (0.24 
mmol) of the resultant conpoiind of Exas^le 17B, 
diastereomer B, in 5 znL of dichloromethcuie was treated 
5 with 5 mL of trifluoroacetic acid. After 4 hours, the 
mixtxire was concentrated in vacuo. TLC: Rf » 0.11, 10% 
CH3OH/CH2CI2 • To a solution of this residue in 2 xnL of 
dichl oromethane was sequentially added 0.5 znL of 
saturated NaHC03, a small amount of solid NaHC03 and 

10 70.2 mg (0.32 ztmol) of benzofurazan- 4 -sulphonyl 

chloride. After 3 hotirs, the mixture was diluted with 
dichloromethane. The two layers were separated and the 
aqueous layer %^ extracted once with dichloromethane . 
The cothbined organic layer was washed with brine then 

15 dried over MgS04, filtered and concentrated in vacuo. 
The residue was purified by preparative HPLC to yield 
108.0 mg of the title compound as a white solid; TLC: 
Rf « 0.60, 10% CH3OH/CH2CI2; HPLC: Rt = 14.95 min; (^H) - 
NMR (CDCI3) consistent with structure. 

20 ExamcDle 21 

Compound 21. The resulting conpound of Exanple 
17B, diastereomer B, (228 mg, 0.27 mmol) was dissolved 
in 1:1 CH2CI2/TFA (10 mL) , and the reaction mixture 
stirred for 3.5 hours, then concentrated to dryness to 

25 afford the product trifluoroacetate salt as a yellow 
solid which was used in the next reaction without 
purification. To a solution of this residue (34,7 mg, 
0.05 mmol) in CH2CI2 (3 mL) was added Heunig's base (41 
fil, 0.24 mmol) and dimethylsulfamoyl chloride (11 fil, 

30 0.09 mmol), and the reaction was stirred for 17 hours 
at room temperature. The reaction mixture was then 
diluted with CHjClj and washed with saturated NH^Cl, and 
the organic layer was dried over MgSO^. Filtration and 
concentration provided a residue which was 
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c hroma tographed on a silica gel coliann iising 8% 
CH3OH/CH2CI2 as eluent, yielding the desired conpound 
which %7as further sxibject to purification by 
preparative EPLC. HPLC: Rt • 13.8 minutes « TLC: Rf -= 
5 0.40, 8% cnigOH/CHjClj; (^H) -NMR (CDClg) consistent with 
structure • 

Example 22 

A. N^'-isocyano-L- valine methyl ester. To the HCl 
salt of valine methyl ester (2.08 g, 12.40 mmol) in 

10 toluene (20 mL) was added a 20% solution of phosgene in 
toluene (32 mL, 62.00 mmol), and the solution was 
heated at reflux for 12 hours. The reaction was then 
cooled to room tenperature and concentrated in vacuo to 
give a pale yellow liquid which was used in the 

15 subsequent reaction without purification. TLC: Rf «= 
0.88, 50% Hexane/EtOAc; (^H)-IIMR (CDCI3) consistent 
with structure. 

B. N*'- {2-pyridylmethyl) -o3cycarbonyl-L-valine methyl 
ester. A mixture of 2-pyridylcarbinol (941 /xl, 

20 9.75 mmol) and the resulting compound of Exanple 22A 
(1.28 g, 8.12 mmol) were allowed to stir in CHgClj 
(7 mL) for 12 hours, then the reaction was concentrated 
and the residue chroma tographed with 50% hexane/EtOAc 
to afford 2.03 grams of the title compotind as a 

25 colorless oil. TLC: Rf « 0.26, 50% Hexane/EtOAc; (^H) - 
NMR (CDCI3) consistent with structure. 

C . N*'- (2 -pyridylmethyl ) - oxycarbonyl - L- valine . A 
solution of the resulting compound of Exair5)le 22B 
(634 mg, 2.38 mmol) in a 1/1 mixture of IN HCl/THF 

30 (6 mL) containing 12 N HCl (0.5 mL) was allowed to stir 
at room temperature over 15 hours, but much starting 
material was still present by TLC. Hence, more 12 N 
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HCL was added (1 inL) , and the reaction stirred an 
additional 48 hours. The reaction was then 
concentrated to dryness and diluted with CH2CI2* 
yielding the desired carboxylic acid as an insoluble 
5 resin which was washed with additional CH2Cl2# 

providing 22C which contained minor quantities of 22B. 
This material was used in the stibseguent reaction 
without further purification. TLC: Rf « 0.11, 8% 
CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
10 structure. 

D. Compound XXX (A - (2-pyridylmethyl) -oxycarbonyl, 
- isopropyl, R^' - H, D« « isobutyl. A* « tert- 

butoxycarbonyl) . To the resulting compound of Example 
21B (277 mg, 0.82 mmol) in CH2CI2 (5 mL) was added 

15 1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 

hydrochloride (210 mg, 1.10 mmol) , the acid 22C (402 
mg, 1.10 mmol), and 1-hydroxybenzotriazole hydrate (148 
mg, 1.10 mmol) . The reaction proceeded for 12 hours at 
room texriperature , then was diluted with CK2CI2 and 

20 washed successively with saturated IIH4CI and NaHC03, 

and the organic layer was dried over MgSO^. Filtration 
and concentration provided a residue which was 
chromatographed on a silica gel colimnn using 17% 
THF/CH2CI2 as eluent, yielding 396 mg of product. TLC: 

25 Rf « 0.26, 17% THF/CH2CI2; (^H)-NMR (CDCI3) consistent 
with structure. 

E. Coxrpoiind 22. The resulting confound of Example 
22D (396 mg, 0.69 mmol) was dissolved in 90% aqueous 
TFA (11 mL) , and the reaction mixture stirred for 3 

30 hours at room tezt^erature , then was concentrated to 

dryness. To a solution of this residue (231 mg. 0.33 
mmol) in CH2CI2 (5 mL) was added excess solid NC1HCO3 
(approx. 1 gram) and saturated aqueous NaHCOo (20 /xl) , 
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followed by N-acetylBulfanilyl chloride (116 mg, 0.50 
nsnol) , aT»>^ the reaction proceeded for 12 hours at room 
temperature. The reaction mixture was then diluted 
with CH2CI2 and washed with saturated NaHC03, and the 
5 organic layer was dried over WgSOj^. Filtration emd 
concentration provided a residue which itfas 
chromatographed on a silica gel column using 8% 
CE3OK/CH2CI2 as eluent, yielding the desired conpound 
which was further subject to purification by 

10 preparative RPLC (76.1 mg of 3 was obtained) . HPLC: 
Rt «= 12.1 minutes. TLC: Rf = 0.46, 8% CHgOH/CHjClj ; 
NMR (CDCI3) : 8.76 (d, IH) , 8.40 (br S, IH) , 8.26 (t, 
IH), 7.72 (d, 2H), 7.67 (d, 2H) , 7.58 (d, 2H) , 7.37 (d. 
IH). 7.25 (m, 4H), 7.16 (br d, IH) . 6.47 (d, IH) , 5.65 

15 (d, IH), 5.26 (d, IH), 4.32 (m, IH) , 3.91 (t, IH) , 3.83 
(m, IH), 3.23 (d, IH), 3.05 (m, 2H) , 2.68-3.10 (m, 3H) , 
2.22 (m, 3H) , 2.0 (m, IH), 1.82 (m, IH) , 0.85 (d, 3H) , 
0.80 ~(d, 3H), 0.71 (d,3H), 0.65 (d, 3H) . 

Example 23 

20 Compound 23. Prepared by the same route as 

described for Exanple 22, except 4-pyridylcarbinol was 
utilized for reaction with the product of Exaxnple 22A. 
HPLC: Rt B 12.0 minutes. TLC: Rf « 0.50 (8% 
CH3OH/CH2CI2) ; {^H)-NMR (CDCI3) consistent with 

25 structure. 

Example 24 

Cooqpoxind 24. A solution of the resulting 
confound of the trif luoroacetic acid deprotection of 
Exan^le 22D (as described in Example 22E; 215 mg, 0.31 
30 nmol) in CH2CI2 at room temperature t«as treated with 
diisopropylethylamine (214 fil, 1.23 mmol) and 
dimethylsulfamoyl chloride (40 fil, 0.37 mmol) in CH2CI2 
at room temperature in CH2CI2 at room ten^erature for 
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12 hours. The reaction xnixtoire was concentrated and 
chromatographed on a silica gel coliunn with 5% 
CH3OH/CH2CI2 as eluentr yielding the desired compoxind 
which was further subject to purification by 
5 preparative HPLC (9.5 mg obtained), HPLC: Rt « 14.4 
minutes. TLC: Rf - 0.88, 11% CHgOH/CHjClj; ('*H)-NMR 
(CDCI3) consistent with structure. 

BXMffPle 25 

Compound 25. This compound was prepared by 
10 the route described for Bxancple 22, except that 

3-pyridylcarbinol was utilized for reaction with the 
compound produced in Exasqple 22A, and in the reaction 
corresponding to 22E, the trifluoracetate*deprotected 
material was reacted with benzofurazan- 4 -sulphonyl 
15 chloride. HPLC: Rt «= 9.4 minutes. TLC: Rf = 0.10, 11% 
CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure . 

Example 26 

Conpound 26. A solution of the resulting 
20 compound from the trifluoroacetic acid deprotection of 
Exairqple 22D (as described in Exaitple 22E; 27 mg, 0.14 
mmol) in CHjClj was treated with excess solid NciHCOg 
(approx. 1 gram) and saturated aqueous NaHCOg (7 ^1), 
then stirred vigorously at room temperature for 3 
25 hours. The reaction mixture was decanted from the 
solids, concentrated, then the residue was purified 
directly by preparation HPLC (3.0 mg of white solid 
obtained). HPLC: Rt « 14.7 minutes; (^H)-NMR (CDCI3) 
consistent with structure. 

30 Example 27 

Contpound 27. A solution of 33 mg of the 
resultant con^Doxmd of Example 40A in CHjClj was treated 
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sequentially, at ambient tenperature iinder an 
atmosphere of nitrogen, with 20 mg of N,N- 
diisopropylethylamine and 9.3 mg of allyl 
chloroformate. The mixture was stirred for 3 h and 
5 then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
10 a 2:1 mixture of (5:10:85 NH^OH/CHgOH/CHjClj) : diethyl 
ether to yield 24 mg of the title compotind as a white 
solid. TLC: Rf - 0.53, 5:10:85 NH4OH/CH3OH/CH2CI2. . 
HPLC: Rt « 14.53 min; (^H)-1]MR (CDCI3) consistent with 
structure . 

15 EPginpjLe 28 

Compound 28. A solution of 47.5 mg of the 
resultcuit compound of Example 4 OA in CH2CI2 was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 28. 7 mg of N,N- 

20 diisopropylethylamine and 15.2 mg of isobutyl 

chloroformate. The mixture was stirred 3 h and then 
concentrated in vacuo. The residue was taken up in 
ethyl acetate smd washed with 0.5 N HCl and saturated 
NaCl then dried over MgS04, filtered, and concentrated 

25 in vacuo. The residue was purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 
(5:10:85 NH^OH/CHgOH/CHjClj) : diethyl ether to yield 
45 mg of the title compound as a white solid. TLC: 
Rf = 0.60, 5:10:85 NH4OH/CH3OH/CH2CI2. HPLC: Rt = 15.58 

30 mdLn; (^H) -NMR (CDCI3) consistent with structure. 



Coirpound 29. A solution of 35.6 mg of the 
resultant compound of Example 40A in CH2CI2 was treated 
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sequentially, at aznbient t^tperattire imder an 
atmosphere of nitrogen, with 21.5 xng of N,N- 
diisopropylethylamine and 0.083 nL of 1.0 M isopropyl 
chlorof ornate. The mixture was stirred 3 h and then 
5 concentrated in vacuo. The residue taken up in 

ethyl acetate and washed with 0.5 N HCl and saturated 
NaCl then dried over MgSO^, filtered, and concentrated 
in vacuo. The residue %reis purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 
10 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl ether to yield 

33.2 mg of the title compoimd as a white solid. TLC: 
Rf - 0.56, 5:10:85 KH4OH/CH3OH/CH2CI2. HPLC: Rt = 14.81 
min; (^H) -MMR {CDCI3) consistent with structure. 

15 A. (2-Pyrrolidinonyl-hydroxyethyl-N- 

hydro3^succinimdyl carbonate. A solution of 572 mg of 
1- (2 -hydroxy ethyl) -2 -pyrrol idinone and 1.70 g of N,N'- 
disuccinimidyl carbonate in acetonitrile was treated, 
at ambient tenrperature under an atmosphere of nitrogen, 

20 with 1717 mg of N,N- diisopropylethylamine. The mixture 
was stirred for 14 h and concentrated in vacuo. The 
residue was taken up in ethyl acetate and washed with 
saturated NaHC03, saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo to yield 

25 200 mg of a white solid. TLC: Rf = 0.56, 10% 

isopropanol in CHjClj; (^H)-NMR {CDCI3) consistent with 
structure. 

B. Conpound 30. A solution of 68 mg of the resultemt 
conpound of Example 3 OA in CH2CI2 was added, at ambient 
30 teit5)erature inxder cm atmosphere of nitrogen, to a 

solution of 32 mg of the resultant compound of Example 
40A and 39 mg N,N- diisopropylethylamine in CHjClj. The 
mixture was stirred for 4 h, diluted with CH«Clo, 
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washed with saturated NaHC03 and satixrated NaCl, then 
dried over MgS04, filtered, and ccsncentrated in vacuo. 
The residue was subjected to preparative thin layer 
silica gel chromatography xxsing a 2:1 mixture of 
5 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl ether to yield 45 mg 
of residue. About 20 mg of this residue was purified 
by preparative HPLC to yield 13.5 mg of the title 
compound as a white solid. TLC: Rf = 0.47, 5:10:85 
IIH4OH/CH3OH/CH2CI2. HPLC: Rt - 12.79 mid; (IH)-NMR 
10 (CDCI3) consistent with structure. 

Compound 31. A solution of 39.7 mg of the 
resultant conpound of Example 4 OA in CH2CI2 was treated 
sequentially, at ambient temperature under an 

15 atmosphere of nitrogen, with 24 mg of N,N- 
diisopropylethylamine and 14.5 mg of phenyl 
chloroformate. The mixture was stirred for 3 h cind 
then concentrated in vacuo. The residue v«s taken, up 
in ethyl acetate and washed with 0.5 N HCl and 

20 saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
a 2:1 mixture of 5:10:85 NH4OH/CH3OH/CH2CI2: diethyl 
ether to yield 39.7 mg of the title coit5)Ound. TLC: 

25 Rf « 0.53, 5:10:85 NH4OH/CH3OH/CH2CI2. HPLC: Rt « 15.22 
min; (^H)-NMR {CDCI3) consistent with structure. 

Compoxind 32. A solution of 391 mg of the 
resultant compoxind of Bxaxiple 39A in 4:1 
30 CH2Cl2/saturated aqueous NaHC03 was treated 

sequentially, at ambient textqperature \inder an 
atmosphere of nitrogen, with 271 mg of 4- 
fluorobenzenesulfonyl chloride smd 117 mg of sodium 
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12 hoxirs. The reaction mixture was concentrated and 
chromatographed on a silica gel coliiran with 5% 
CBgOH/CHjClj as eluent, yielding the desired coirpoimd 
which was further s^lbject to purification by 
5 preparative HPLC (9.5 mg obtained). HPLC: Rt = 14,4 
minutes. TLC: Rf - 0.88, 11% CHgOH/CHjClj; (^H) -NMR 
(CDClg) consistent with structure. 

BiBniple 25 

Compound 25. This compoiind was prepared by 
10 the route described for Exanple 22, except that 

3-pyridylcarbinol wsis utilized for reaction with the 
conpoiind produced in Example 22A, and in the reaction 
corresponding to 22E, the trifluoracetate-deprotected 
material was reacted with benzofurazan- 4 -sulphonyl 
15 chloride. HPLC: Rt « 9.4 minutes. TLC: Rf = 0.10, 11% 
CHgOH/CHgClj; (^H)-NMR (CDCI3) consistent with 
structure . 

pxgupXg 26 

Compound 26. A solution of the resulting 
20 compound from the trifluoroacetic acid deprotection of 
Example 22D (as described in Exaxtiple 22E; 27 mg, 0.14 
mmol) in CH2CI2 was treated with excess solid NaHC03 
(approx. 1 gram) and saturated aqueous NaHC03 (7 ^1} , 
then stirred vigorously at room temperature for 3 . 
25 hours. The reaction mixture was decanted from the 
solids, concentrated, then the residue was purified 
directly by preparation HPLC (3.0 mg of white solid 
obtained). HPLC: Rt « 14.7 minutes; (^H)-NMR (CDCI3) 
consistent with structure. 



30 



Compound 27. A solution of 33 mg of the 
resultant compound of Exanple 4 OA in CH2CI2 was treated 
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in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
5 a 2:1 mixture of (5:10:85 NH4OH/CH3OH/CH2CI2) : diethyl 

ether to yield 48.1 mg of the title coxnpoiind as a white 
solid. TLC: Rf « 0.56, 5:10:85 NH4OH/CH3OH/CH2CI2. 
HPLC: Rt « 13.43 min; (^H) -NMR (CDCI3) consistent with 
structure. 

10 Example 35 

A. Coopound XXI (D* « isobutyl. A' » 4 - f luorophenyl , 
hydrochloride salt) . A solution of 398 mg of the 
resultant conpound of Example 32 in ethyl acetate was 
treated at -20 with HCl gas. The HCl was bubbled 

15 through the mixture for 20 min over which tdLme the 

texiqperature was allowed to warm to 20® C. Nitrogen was 
then bubbled through the mixture for 15 min and solvent 
removed in vacuo to yield 347 mg of the title conpound 
as a white solid. TLC: Rf = 0.82, 5:10:85 

20 NH4OH/CH3OH/CH2CI2; {^H)-NMR (CDCI3) consistent with 
structure. 

B. Compound 35. A solution of 111 mg of the 
resultant compound of Exanple 35A in CH2CI2 was added, 
at ambient temperature \nider an atmosphere of nitrogen, 

25 to a solution of 118 mg of the resultant compound of 
Example 48A and 133 mg N,N-diisopropylethylai[iine in 
CH2CI2. The mixture was stirred for 14 h, diluted with 
CH2Cl2# washed with saturated NaHC03 and saturated NaCl, 
then dried over MgSO^, filtered, and concentrated 

30 in vacuo. The residue was subjected to preparative 

thin layer silica gel chromatography using 5% CH3OH in 
CH2CI2 to yield 98.8 mg of the title corr5)ound as a 
white solid. TLC: Rf - 0.48, 5% CH3OH in CH2CI2. HPLC: 
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sequentially, at ambient tenperatiire xmder an 
atmosphere of nitrogen, with 21.5 mg of N,N- 
diisopropylethylamine and 0.083 nL of 1.0 M isopropyl 
chloroformate. The mixture %ias stirred 3 h and then 
5 concentrated in vacuo. The residue was taken up in 

ethyl acetate and washed with 0.5 N HCl and saturated 
NaCl then dried over MgS04, filtered, and concentrated 
in vacuo. The residue was purified by preparative thin 
layer silica gel chromatography using a 2:1 mixture of 
10 5:10:85 NH4OH/CH3OH/CH2CI2 : diethyl ether to yield 

33.2 mg of the title coziqpound as a white solid. TLC: 
Rf - 0.56, 5:10:85 NH40H/Cai30H/CH2Cl2. HPLC: Rt «= 14.81 
min; (^H)-MMR (CDCI3) consistent with structure. 

15 A. (2 - Pyrrolidinonyl -hydroxyethyl -N- 

hydroxysuccinimdyl carbonate, A solution of 572 mg of 
1- (2 -hydroxyethyl) -2 -pyrrol idinone and 1.70 g of N,N'- 
disuccinimidyl carbonate in acetonitrile was treated, 
at ambient texirperature under cui atmosphere of nitrogen, 

20 with 1717 mg of N,N-diisopropylethylamine. The mixture 
was stirred for 14 h and concentrated in vacuo. The 
residue was taken up in ethyl acetate and washed with 
saturated NaHC03, saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo to yield 

25 200 mg of a white solid. TLC: Rf « 0.56, 10% 

isopropanol in CH2CI2; (^H)-MMR (CDCI3) consistent with 
structure . 

B. Compound 30. A solution of 68 mg of the resultant 
confound of Example 3 OA in CH2CI2 was added, at ambient 
30 tes^erature under an atmosphere of nitrogen, to a 

solution of 32 mg of the resultant compoiind of Example 
40A and 39 mg N,N-diisopropylethylamine in CH2CI2. The 
mixture was stirred for 4 h, diluted with CH9CI0, 
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- 0.35 (5* CH3OH in CHjClj) • HPLC: Rt « 17.27 min; 
{^H)-NMR {CDCI3) consistent with structure, 

Exmle 38 

Con?>oiind 38. To a solution of 32 mg of the 
5 resxxltant confound of Example 35A in CH2CI2 was added, 
at ambient teit?)erature under an atmosphere of nitrogen, 
14 mg of benzyl chlorof ornate and 21 mg N,N- 
diisopropylethylamine. The mixture was stirred for 4 
h, diluted with CH2Cl2f washed with saturated NaHCOg and 

10 saturated NaCl, then dried over MgS04, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
10% diethyl ether in CH2CI2 as eluent to yield 33 mg of 
product. TLC: Rf = 0.62, 10% diethyl ether in CHjClj. 

15 HPLC: Rt « 17.27 min. (^H) -NMR (CHJClg) consistent with 
structure . 

Example 39 

A. Compound XXI (D' « isobutyl, A « tert-butoxy 
carbonyl, A' « H) . A solution of 4.1 g of epoxide XX 

20 (A«Boc) in 30 mL of ethanol was treated with 22.4 mL of 
isobutylamine and heated under reflux for 1 h. The 
mixture was concentrated to yield the title compound as 
a white solid which was used without subsequent 
purification. NMR {CDCI3) : fi0.91 (d, 3H) ; 0.93 (d, 

25 3H); 1.37 (s, 9H) ; 1.68 (br s, 2H) ; 2.40 (d, 2H) ; 2.68 
(d, 2H); 2.87 (dd, IH) ; 2.99 (dd, IH) ; 3.46 (dd, IH) ; 
3.75 (br s, IH); 3.80 (br s, IH) ; 4.69 (d, IH) ; 7.19- 
7.32 (m, 4H) . 

B. Compoimd 39. To a solution of 514.1 mg of the 
30 resultant compound of Example 39A in dichl or ome thane 

(10 mL) was added aqueous sodiim bicarbonate (5 mL) and 
N-acetylsulfanilyl chloride (428.4 mg) . After 14 h, 
the resulting mixture was diluted with ethyl acetate. 
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bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgS04, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
5 chromatography using 5% diethyl ether in CH2CI2 as 

eluent to yield 420 mg of the title compound as a white 
solid. TLC: Rf « 0.20, 5% diethyl ether in CH2CI2. 
HPLC: Rt « 17.41 min; (^H)-NMR (CDCI3) consistent with 
structure . 

10 EaaroXe 33 

Coxipoxind 33. A solution of 30 mg of the 
resultant caaspaimd of Exanqple 40A in CH2CI2 was treated 
sequentially, at ambient tesperature imder an 
atmosphere of nitrogen, with 18.1 mg of N,N- 

15 diisopropylethylamine and 9.3 mg of benzyl isocyanate. 
The mdlxture was stirred 14 h and then concetrated 
in vacuo. The residue was tciken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgS04, filtered, and concentrated in vacuo. The 

20 residue was purified by preparative thin layer silica 
gel chromatography using a mixture of 5:10:85 
NH4OH/CH3OH/CH2CI2 to yield 30.2 mg of the title 
compound as a white solid, TLC: Rf = 0.56, 5:10:85 
NH4OH/CH3OH/CH2CI2. HPLC: Rt = 14.36 min; (^H) -NMR 

25 (CDCI3) consistent with structure. 

Example 34 

Coxtpoxmd 34. A solution of 55 mg of the 
resultant coxripound of Exaiiple 4 OA in CH2CI2 was treated 
sequentially, at ambient temperature under an 
30 atmosphere of nitrogen, with 33.3 mg of N,N- 

diisopropylethylamine and 17.8 mg of 2-methoxyethyl 
chlorof ormate. The mixture was stirred for 3 h and 
then concentrated in vacuo. The residue was taken up 
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eluent to provide 34.2 mg of the title product. TLC: 
Rf - 0.33, 1/2/17 v/v/v/ 30% ammonium hydroxide/ 
methanol/dichlomethane) . HPLC: Rt « 11.3 min; (^H)-NMR 
(CDCI3) consistent with structiire. 

5 B^mroXg 43- 

Con?)0\and 41. To a solution of 42.8 mg of the 
resultant coiqpound of Exairple 4 OA in 5 mL 
dichloromethane was added sequentially, at ambient 
tenperature \inder an atmosphere of nitrogen, 17.2 mg of 

10 N-tert-butyl glyoxalic acid, 0.032 mL 

diisoprqpylethylamine, 16 mg of l-hydroxybenzotriazole 
hydrate, 22.6 mg EDC. The mixture was stirred for 16 h 
and then concentrated . in vacuo. The residue was taken 
up in ethyl acetate and washed with water, 0.5 N 

15 hydrochloric acid, washed with sodium bicarbonate, 

saturated brine, dried over magnesixim sulfate, filtered 
and concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using 40% ethyl 
acetate/dichloromethane eluent to provide 14.9 mg of 

20 the title product. TLC: Rf - 0.47, 40% ethyl acetate/ 
dichloromethane, HPLC: Rt = 15.2 min; (^H)-NMR (CDCI3) 
consistent with structure. 

Exgjtple ^2 

Compoimd 42. To a solution of 43.5 mg of the 
25 resultant crude conipoiind of Exazrtple 40A in 5 mL 

dichloromethane was added sequentially at ambient 
texnperature , under eui atmosphere of nitrogen, 13.0 mg 
of succinamic acid, 0.024 mL diisopropylethylamine, 
15.0 mg of l-hydroxybenzotriazole hydrate, and 21.3 mg 
30 EDC. The mixture was stirred for 16 h and then 

concentrated in vacuo. The residue was taken up in 
ethyl acetate cmd washed with sodium bicarbonate, 
saturated brine, dried over magnesium sulfate, filtered 
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Rt « 15.18 min; (''iD-NMR (CDClg) consistent with 
structure. 

Caii?)Ound 36. A solution of 48 mg of the 
5 resultant congsound of Exantple 40A in CH2CI2 was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 29.0 mg of N,N- 
diisopropylethylamine and 15.1 mg of 3-butenyl 
chlorof ormate . The mixture was stirred for 3 h and 

10 then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with 0.5 N HCl and 
saturated NaCl then dried over MgS04, filtered, and 
concentrated in vacuo. Hie residue was purified by 
preparative thin layer silica gel chromatography using 

15 a 2:1 mixture of (5:10:85 IJH4OH/CH3OH/CH2CI2) : diethyl 

ether to yield 43.8 mg of the title coii5>ound as a white 
solid, TLC: Rf » 0.83, 5:10:85 NH4OH/CH3OH/CH2CI2; Rf = 
0.24, 5% diethyl ether in CH2CI2. HPLC: Rt = 14.76 
min; ('^ID-NMR (CDCI3) consistent with structure. 

20 * Example 37 

Corr5)ound 37. A solution of 99 mg of the 
resultant confound of Example 51D in 4:1 
CH2Cl2/saturated aqueous NaHC03 was treated 
sequentially, at ambient teirperature under an 

25 atmosphere of nitrogen, with 83.2 mg of 3,4- 

dichlorobenzenesulfonyl chloride and 29 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with C3i2Cl2, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

30 residue was subjected to operative thin layer silica 
gel chromatography using 5% CH3OH in CH2CI2 to yield 
107 mg of the title conpoiind as a white solid. TLC: Rf 
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disuccinimi dyl caxbonate. After 4 h, the resixltant 
mixture was concentrated in vacuo to provide a yellow 
solid which was used without stibsecfuent purification. 

B. Conpound 44. To a solution of 58.1 xng of the 
5 resultant crude conqpound of Example 4 OA in 3 mL of 
dichl oromethane was added sequentially, at ambient 
temperature under an atmosphere of nitrogen, 0.075 mL 
diisopropylethylamine and 46.3 mg of the resultant 
compoiind of Exanple 20A. The mixture was stirred for 

10 16 h and then concentrated in vacuo. The residue was 
taken up in diethyl ether and extracted into 3 x 25 mL 
of 0.5N HCl. The combined aqueous extracts were 
adjusted to pH 8 with solid sodium bicarbonate and 
extracted into 3 x 25 mL ethyl acetate. The combined 

15 organic extracts were washed with saturated brine, 
dried over magnesixan sulfate, filtered, and 
concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using (1/2/17/20 
v/v/v/ 30% ammoniiJtm hydroxide/methanol/dichlomethane/ 

20 diethyl ether) eluent to provide 10.3 mg of the title 

product. TLC: Rf = 0.4, 1/2/17/20 v/v/v/ 30% ammonium 
hydroxide /methanol/dichlomethane/diethyl ether, HPLC: 
Rt = 11.8 min; (^H)-NMR (CDCI3) consistent with 
structure. 

25 Example 45 

Con5)otind 45. To a solution-of 28.3 mg of the 
resultant conpound of Exaitple 39A in 4 mL of 
dichloromethane was added 1 mL saturated aqueous sodiim 
bicarbonate solution, 9.2 mg sodium bicarbonate, and 
30 0.013 mL of benzenesulfonyl chloride. After 14 h, the 
resulting mixture was diluted with ethyl acetate, 
washed with saturated brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
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vrashed with sodiiam bicarbonate, saturated brine, dried 
over magnesium siilfate, filtered and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel column chromatography using 20% ethyl 
5 acetate in dichloromethane eluent to yield 714.4 mg of 
the title product. TLC: Rf « 0.63, 60% ethyl 
acetate/dichloromethane, HPLC: Rt «= 15.3 min; (^H)-NMR 
(CDCI3) consistent with structure. 

E3cample 40 

10 A. Coii?)Ound XXII (D' •= isobutyl, A - H, E « 4- 

acetamidophenyl) , hydrochloride salt. To a solution of 
691.4 mg (1.296 mmol) of the restiltant conpound of 
Example 39B in ethyl acetate (20 mL) at -20**C was 
bubbled amhydrous HCl gas for 10 min. The ice bath was 

15 removed and after an additional 15 min. , the reaction 
mixture was sparged with nitrogen then concentrated 
in vacuo to provide 610 mg of title product which was 
used without stibseguent purification. 

B. Confound 40. A solution of 41*5 mg of the 
20 resultant crude compound of Example 40A in 5 mL of 

dichloromethane was treated sequentially, at ambient 
temperature under an atmosphere of nitrogen, with 
18.1 mg of L- dihydroorotic acid, 0.031 mL (0.176 mmol) 
diisopropylethylamine, 15.5 mg (0.115 mmol) of 1- 
25 hydroxybenzotriazole hydrate, 22 mg (0.115 mmol) EDC. 
After 1 h, the slurry was treated with 1 mL of 
dimethylf ormamide. The mixture was stirred for 16 h 
and then concentrated in vacuo. The residue was taken 
up in ethyl acetate and washed with water and saturated 
30 brine, dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by 
thin layer preparative chroma togSraiphy using (1/2/17 
v/v/v/ 30% ammonium hydroxide/methcinol/dichlomethane) 
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dichlorcamethane, HPLC: Rt - 17.2 inin; (^H)-NMR iCDCl^) 
consistent with structure. 

Bxairrple 48 

A. N-succiniitiidlyl- (S) -3-tetrahycirofuryl carbonate. 

5 To a solution of 12.5 mL of 1.93 M phosgene in toluene 
at 0-5®C was added 1.3 g of (S) - (+) -3-hjrdroxy- 
tetrahydrofuran. After stirring for 2 h, the reaction 
mixtxire was sparged with nitrogen and then concentrated 
to dryness in vacuo to provide 1.486 g of crude 

10 chlorof ormate • This xnaterial was taOcen up in 10 xnL of 
acetonitrile and treated sequentially at ambient 
tezrperature tinder an atmosphere of nitrogen with 1.17 g 
of N-hydroxysuccinimide and 1.41 mL of triethylamine . 
After stirring for 14 h, the reaction mixture was 

15 concentrated in vacuo to provide 3.44 g of the title 
product as a white solid. 

B. Conqpoxind 48. To a solution of 87.2 mg of the 
resultant con^^ound of Example 40A in 5 mL of 
dichlorome thane was added sequentially, at ambient 

20 texi^erature under an atmosphere of nitrogen, 0.113 mL 
diisopropylethylamine and 68 mg of the resultant 
compound of Example 48A. The mixture was stirred for 
16 h and then concentrated in vacuo. The residue was 
tcdcen up in ethyl acetate and washed with water, 0.5 N 

25 HCl, saturated sodium bicarbonate, saturated brine, 
dried over magnesium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by 
silica gel chromatography using (3/6/20/65 v/v/v/v/ 30% 
ammoniiim hydroxide/methanol /diethyl 

30 ether/dichlomethane) eluent followed by crystallization 
from a mixture of dichloromethane, diethyl ether, and 
hexanes to provide 58 mg of the title product. TLC: 
Rf = 0.17, 75% ethyl acetate/dichloromethane, HPLC: 
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and concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using (l/2/ll 
v/v/v/ 30% ammonium hydroxide /methanol/dichlomethane) 
eluent to provide 35.3 mg of the title product. TLC: 
5 Rf » 0.25, 1/2/11 v/v/v/ 30% ammonium hydroxide/ 

methanol/dichlomethane, HPLC: Rt » 11.6 min; (^H) -NMR 
(CDCI3) consistent with structure. 

Compound 43. To a solution of 42.8 mg of the 

10 resultant cospound of Exaiiple 4 OA in 5 mL 

dichloromethane was added sequentially, at ambient 
temperature under an atmosphere of nitrogen, with 
14.1 mg of L-pyroglutamic acid, 0.024 mL 
diisopropylethylamine, 14.8 mg of l- 

15 hydroxybenzotriazole hydrate, 20.9 mg EDC. The mixture 
was stirred for 16 h and then concentrated in vacuo. 
The residue was taken up in ethyl acetate and washed 
with water, 0.5 N hydrochloric acid, washed with sodiimi 
bicarbonate, saturated brine, dried over magnesium 

20 sulfate, filtered and concentrated in vacuo. The 
residue was purified by thin layer preparative 
chromatography using (1/2/11 v/v/v/ 30% ammonium 
hydroxide/methanol/dichlomethane) eluent to provide 
29.9 mg of the title product. TLC: Rf = 0.33, 1/2/11 

25 v/v/v/ 30% ammonium hydroxide/ methanol/ dichlome theme, 
HPLC: Rt = 11.7 min; (^H)-NMR (CDCI3) consistent with 
structure. 



Example 44 

A. 3-Pyridylmethyl-N-hydroxysucchinimdyl carbonate. 
To a solution of 181.0 mg of 3 pyidinecarbinol in 5 mL 
acetonitrile was added sequentially at ambient 
temperature under an atmosphere of nitrogen, with 
0.72 mL diisopropylethylamine and 354.1 mg of N,N' - 
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with 1 L of CH2CI2 and washed with water. The organics 
were dried over anhydrous MgSO^, concentrated under 
reduced pressure, then purified via silica gel 
chromatography. Gradient solvent system: CH2CI2 
5 followed by 3:97 methanol /CH2CI2 * The title conqpound 
(2.97 g, %»s obtained as a colorless oil. TLC: 
Rf«0.14, 3:97 methanol/CH2Cl2; {^H)-NMR (CDCI3) 
consistent with structure. 

B. Conqpound XXI (A » H, D' « isobutyli A* «= 

10 benzyloxycarbonyl, hydrochloride salt) . To a solution 
of 1.5 g (3.187 mmol) of the resultcuit conipoxind of 
Exasple 51A in ethyl acetate (25 mL) at -20^C was 
bubbled anhydrous HCl gas for 10 xnin. The ice bath was 
removed and after an additional 15 min. the reaction 

15 mixture was sparged with nitrogen, then concentrated 

in vacuo to provide 1.29 g of title product as a white 
solid which was used directly for ensuing reaction. 
TLC: Rf « 0.14, 10% methanol /CH2CI2. 

C. Conpound XXI (A « (S)-3- 

20 tetrahydrof uryloxycarbonyl , D* « isobutyl. A* = 

benzyl oxycarbonyl ) . To a solution of 1.077 g of the 
resultant crude confound of Exanqple 51B (2.647 mmol) in 
acetonitrile (10 mL) was added sequentially at ambient 
temperature under an atmosphere of nitrogen, 1.61 mL 

25 (9*263 mmol) of diisopropylethylamine and 910 mg (3.97 
mmol) of the resultant compoiind of Example 48A. After 
stirring for 3 h, an additional 223 mg (0.973 mmol) of 
the resultant cozipound of Exasple 48A was added. The 
mixture was stirred for 16 h and then concentrated 

30 in vacuo. The residue was taken up in ethyl acetate 
and washed with water, 0.5 N HCl, saturated sodium 
bicarbonate, saturated brine, dried over magnesium 
sulfate, filtered, and concentrated in vacuo. The 
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residue was purified by thin layer preparative 
chromatography using 10* diethyl ether/ dichloromet h a n e 
eluent to provide 19.3 mg of the title product. TLC: 
Rf -= 0.84, 25* diethyl ether/dichlormethane, HPLC: Rt « 
5 17.2 din; (^H)-NHR (CDCI3) consistent with structure. 

Example 46 

Coinpound 46. To a solution of 47.0 mg (0.140 
mmol) of the resultant confound of Example 39A in 4 mL 
of dichloromethane was added 1 mL saturated aqueous 

10 sodium bicarbonate solution, 17.6 mg of solid sodium 
bicarbonate, and 41.4 mg of 2,4 dimethylthiazole-5- 
sulfonyl chloride. After 14 h, the resulting mixture 
was diluted with ethyl acetate, washed with saturated 
brine, dried over magnesiimi sulfate, filtered and 

15 concentrated in vacuo. The residue was purified by 

thin layer preparative chromatography using 25* ethyl 
acetate/dichloromethsme eluent to provide 34.6 mg of 
the title product. TLC: Rf = 0.44, 25* diethyl ether/ 
dichloromethane, HPLC: Rt = 16.4 min; (''h)-NMR (CDCI3) 

20 consistent with structure. 

Example 47 

Compound 47. To a solution of 50.7 mg of the 
resultant coit5)ound of Exair5)le 39A in 4 mL of 
dichloromethane was added l mL saturated aqueous sodium 

25 bicarbonate solution, 15.2 mg of solid sodium 

bicarbonate, and 2-fluoroben2enesulf onyl chloride 
35.2 mg. After 14 h, the resulting mixture was diluted 
with ethyl acetate, washed with saturated brine, dried 
over magnesium sulfate, filtered and concentrated 

30 in vacuo. The residue was purified by thin layer 
preparative chromatography using 10* diethyl 
ether/dichloromethane eluent to provide 40.5 mg of the 
title product. TLC: Rf « 0.44, 25* diethyl ether/ 
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E^cample 52 

A . N- hydroxysuccinimidyl - (RS ) - 3 - hydroxyl - 
tetrahydrofuryl carbonate. The title cc3n5)oiind was 
prepared as described in Exas^le 48A starting with 

5 1.0 g of (RS) -3 -hydroxy- tetrahydrofuran and yielding 
2.33 g of a white solid. 

B. Conpound 52. To a solution of 105 mg of the 
resultamt conpound of Exasqple 35A in CH2CI2 was added, 
at ambient tenperature \mder an atmosphere of nitrogen, 

10 112 zng of the resultant compound of Example 52A ^d 126 
mg N , N- diisopropylethylamine . The mixture was stirred 
for 4 h, diluted with CH2CI2, washed and saturated 
NaHC03 and saturated NaCl, then dried over MgS04, 
filtered, and concentrated in vacuo. The residue was 

15 purified by low pressure silica gel chromatography 

using 5% CH3OH in CH2CI2 as eluent to yield 101.4 mg of 
product. TLC: Rf - 0.52, 5% CH3OH in CH2CI2. HPLC: Rt 
= 15.05 min. {^H)-NMR (CDCI3) consistent with 
structure. 

20 P3qaTpp3,e g3 

Compound 53. To a solution of 72.3 mg 
(0.19 mmol) of the resultant compound of Exan^jle 51D in 
CH2CI2 (4 mL) was added aqueous sodium bicarbonate 
(1 mL) , solid sodium bicarbonate 19.2 mg (0.228 mmol), 

25 and 4-acetamido-3-chloroben2ene sulfonyl chloride 
61.1 mg, (0.228 mmol)/ After 14 h, the resulting 
mixture was diluted with EtOAc, washed with saturated 
brine, dried over magnesixom sulfate, filtered and 
concentrated in vacuo. The residue was purified by low 

30 pressure silica gel column chromatography using 20% to 
45% EtOAc/CHjClj eluent to provide 49.1 mg of the title 
product. TLC: RF = 0.29, 50% EtOAc/CH2Cl2, HPLC: Rt « 
13.9 min; (^H) -NMR (CDClo) consistent with structure. 
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Rt = 13.1 min.; (^H)-NMR (CDCI3) consistent with 
structure . 

Con5)ound 49. Following the procedure 
5 described in Exair5)le 83, a solution of the resultant 
confound of Exaiiple 39A in CH2CI2 is reacted with 2,4- 
difluorobenzenesulf onyl chloride in the presence of 
water and NaKC03. Following dilution with additional 
CH2CI2 and aqueous workup, the resultant product is 
10 dried over MgS04 filtered, and concentrated in vacuo. 
- The residue is then purified by silica gel 
chromatography using an appropriate solvent system to 
yield the title product. 

Ey^mpl? 50 

15 Compound 50. A solution of 30 mg of the 

resulting compound of Exairple 58 and 9 of 
dimethysulfamoyl chloride in 10 mL of CH2CI2 was 
reacted in the same manner as described for Exairple 14. 
After workup and purification by preparative reversed- 

20 phase HPLC using a linear gradient of 35% to 100% 
CH3CN/H2O with 0.1% TFA as eluent, 6.5 mg of the title 
coii?)ound was obtained. TLC: Rf = 0.2, 3% CH3OH in 
CH2CI2. HPLC: Rt = 15.96 min; (^H)-NMR (CDCI3) 
consistent with structure. 

25 Example 51 

A. Compound XXI {A = tert-butoxycarbonyl, D' = 
isobutyl. A' a benzyloxycarbonyl) . To a solution of 
the resultant compound of Exanple 39A (2.5g, 7.43 mmol) 
in CHjClj (50mL) was added triethylamine (2.1 mL, 14.9 
30 mmol) followed by addition of benzyl chlorof ormate (1.2 
mL, 8.1 xranol) . The mixture was allowed to stir at 
ambient temperature for 6 h. The solution was diluted 
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was used itflthout subsequent purification; (^H)-NMR 
(C35CI3) consistent with structxire, 

B. Conpoiind 56. 45.0 mg Of the resulting coirpound of 
Exanple 58 was treated with 1 xnL of 90% aqueous TFA and 
5 allowed to stand for 12 h. The mixture was 

concentrated in vacuo and the residue taken up in 15 xnL 
of dry CHjClj, treated with the above mixed anhydride 
and 65 fiL of triethylamine- The mixture was stirred 
for 14 h then diluted with ethyl acetate and washed 

10 with saturated sodium bicarbonate solution cmd 

saturated brine, dried over magnesium sulfate, filtered 
and concentrated in vacuo. A portion of the mixtxire 
was purified by preparative reversed -phase C^g HPLC 
using a linear gradient of mixture was purified by 

15 preparative reversed-phase C-jg HPLC using a linear 
gradient of 35% of 100% CSgCN/HjO with 0.1% TFA for 
elution to obtain l.l mg of the title compound. TLC: 
Rf = 0.5, 3% CH3OH in CHjClj. HPLC: Rt « 17.44 min; 
(^H)-NMR (CDCI3) consistent with structure. 

20 Example 57 

Coxr5)ound 57, 30 mg of the resultant compound 
of Example 58 was treated with 1 mL of 90% aqueous TFA 
and allowed to stand for 12 h. The mixture was 
concentrated in vacuo and the residue taken up in 25 mL 

25 of dry CHjClj, washed cuid saturated sodium bicarbonate 
solution, dried over magnesium sulfate, filtered and 
concentrated in vacuo. A solution of 14 mg of the 
resultant free amine in 10 mL of CHjClj was treated 
with 6 fih of phenoxyacetyl chloride and 12 /iL of 

30 triethylamine . The mixture was stirred under an inert 
atmosphere for l h, then diluted in CH2CI2 and washed 
with 1 N HCl. After drying over MgS04 and 
concentrating in vacuo. A portion of the mixture was 
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residue was purified by low pressure silica gel coliiznn 
chramatography using a gradient 10% to 25% ethyl 
acetate in CH2CI2 eluent to yield 1.025 g of the title 
product as a white solid. TLC: Rf « 0.10, 10% ethyl 
5 acetate/CHjClj; (^H)-NMR (CDCI3) consistent with 
structure . 

D . Compound XXI ( A« (S ) - 3 - tetrsQiydrof uryloxycarbonyl , 
D' « isobutyl. A' » H) . A solution of 872 mg (1.799 
xnmol) of the resultant conpoimds of Bxazrple 51C in (10 

10 xnL) of ethyl alcohol was added, at ambient tenperature 
under a nitrogen atmosphere, to a slurry of 87 mg (10% 
by weight) of 10% palladium on carbon in (5 mL) ethyl 
alcohol and hydrogenated for 16 h under a slight 
positive pressure of hydrogen. The mixture was 

15 filtered and concentrated in vacuo to yield 553.2 mg of 
the title product as a colorless glass which was used 
directly for ensuing reaction. TLC: Rf = 0.46, 10% 
methanol /CH2CI2 . 

E. Confound 51. To a solution of 72.7 mg- (0.207 
20 mmol) of the resultant compound of Example 51D in 

CH2CI2 (4 mL) was added aqueous sodium bicarbonate (1 
mL) , solid sodium bicarbonate 22.6 mg (0.27 mmol), and 
2- (pyrid-2-yl) -thiophene-5-sulfonyl chloride 64.6 mg, 
(0.249 mmol). After 14 h, the resulting mixture was 

25 diluted with ethyl acetate, washed with saturated 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
thin layer preparative chromatography using 15 to 30% 
ethyl acetate/CH2Cl2 eluent to provide 53 mg of the 

30 title product as a white solid. TLC; RF = 0.25, 25% 
ethyl acetate/CH2Cl2, HPLC: Rt = 15.3 min; (^H) -NMR 
((3DCI3) consistent with structure. 
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Rt - 17.34 min; (^H)-NMR (CDCI3) consistent with 
structure. 

Cc3xt5)Ound 60. To a solution of 70 mg of the 
5 resultant cozrpoiind of Bxan^le 51D in 10 mL of CH2CI2 

was added 3 znL of saturated aqueous sodium bicarbonate 
solution, 50 mg of sodium bicarbonate, and 53 mg of 
benzofurazan-4-sulfonyl chloride. The mixture was 
stirred vigorously for 4 h, then the resulting mixture 

10 was diluted with CH2Cl2r washed with saturated brine, 
dried over magnesium sulfate and filtered. After 
concentration of the mixture in vacuo, the residue was 
purified by thick layer silica gel chromatography using 
5% MeOH/CH2Cl2 as eluant to obtain 80 mg of the title 

15 coinpoxind as a white solid. TLC: Rf = 0.80, 5% MeOH in 
CHjClj- HPLC: Rt = 14.96 min; (^H) -NMR (CIDClg) 
consistent with structure. 

Example 61 

Compound 61. To a solution of 35.5 mg {0.076 
20 mmol) of the resultant compound of Example 16 in 1 mL 
of dichloromethane was sequentially added 27.6 
(0.159 mmol) of diisopropylethyl amine and 12 fiL (0.083 
mmol) of benzyl chlorof ormate . After 1 hour, the 
mixture was concentrated in vacuo. The residue was 
25 purified by preparative thin layer chromatography with 
50% ethyl ace tate/dichlorome thane as an eluent to yield 
38.7 mg of the title cozipoiind as a white solid; TLC: 
Rf « 0.63, 50% ethyl acetate/dichlormethane; HPLC: Rt « 
15.45 min; (^H)-NMR {CDCI3) consistent with structure. 
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Cc5n?)oiind 54. A solution of 260 xng of the 
resulting Campoiind of 39A and 45 mg of 3-acetainido-4- 
fluorobenzenesulf onyl chloride in 10 mL of CH2CI2 was 
5 reacted in the same manner as described for Bxainple 14. 
After workup and pixrif ication by preparative reversed- 
phase C^g HPLC using a linear gradient of 35% to 100% 
CH3CN/H2Q with 0.1% TFA as eluent, 1.4 mg of the title 
conpound was obtained. TLC: Rf » 0.25, 5% CH3OH in 
10 CHjClj- HPLC: Rt = 15.63 min; (^H) -NMR {CDCI3) 
consistent with structure. 

Coii5)Otuid 55. 35.0 mg of the resulting 
coir5)ound of Example 54 was treated with 1 mL of 90% 

15 aqueous TFA cUid allowed to stand for 12 h. The mixture 
was concentrated in vacuo and the residue taken up in 
10 mL of dry CH2CI21 treated with 34 /iL of DIEA (0.23 
mmoles) and 20 mg of l-benzyl-3-tert-butyl-lH-pyra2ole- 
5-carbonyl chloride. The mixture was stirred for 

20 1.5 h, then diluted with in CH2Cl2# and washed with 1 N 
HCl. After drying over MgSO^ and concentrating 
in vacuo, a portion of the mixture was purified by 
preparative reversed -phase C^g HPLC using a linear 
gradient of 35% to 100% CH3CN/H2O with 0.1% TFA for 

25 elution to obtain 1.1 mg of the title compound. TLC: 
Rf = 0.8, 5% CH3OH in CH2CI2. HPLC: Rt « 18.25 min; 
(^H)-NMR (CDCI3) consistent with structure. 

Example 56 

A. S ( - ) - 1 -phenylethyl -N-hydroxysuccinimdyl carbonate . 
30 The title compound was prepared from 9.5 fiL of S{-)"1- 
phenylethanol and 30 m of N,N-disuccinimidyl carbonate 
as described in Exaztple 44A. The resulting material 
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extracted once with diciilorcsme thane. The coznbined 
organic layer was washed with brine then dried over 
MgSO^, filtered and concentrated in vacuo. The residue 
was purified by preparative HPLC to yield 5.3 mg of the 
5 title conpound as a white solid; TLC: Rf » 0.40, 50% 
ethyl acetate/dichloromethane; HPLC Rt 16.5 min; 
(^H)-NMR (CDCI3) consistent with structure. 

A. A solution of 3.0 (0.0058 mmol) of the 
10 resultant title coopound of Example 62 in 2 xnL ethyl 

acetate was treated with HCl gas (moderate stream) for 
3 minutes. The mixture was concentrated in vacuo to 
yield the crude amine hydrochloride salt. TLC: Rf « 
0.20, 10% CH3OH/CH2CI2. 

15 B. Coir5)Ound 63. To a solution of the crude resultant 
confound of Example 63A in 1 mL of di,chloromethane was 
sequentially added 2.1 xiL (0.0121 mmol) of diisopropyl 
ethyl amine and 0.9 uL (0.0064 mmol) of benzyl 
chlorof ormate. After 1 hour, the mixture was 

20 concentrated in vacuo. ^ The residue was purified by 
preparative thin layer chromatography with 90% 
dichloromethane/methanol as an eluent to yield 2.6 mg 
of the title conqpound as a white solid; TLC: Rf 0.34, 
50% ethyl acetate/dichloromethane; HPLC, Rt = 17.1 min; 

25 (^H)-NMR (CDCI3) consistent with structure. 

Example 64 

A. 5- (Dime thy lamino) thioxomethoxy) -benzofurazan. To 
a solution of 500 mg (3.67 mmol) of 5- 
hydroxybezofurazcm in 10 mL of DMF was added 140 mg 
30 . (4.59 mmol) of NaJJ in small portions. The resulting 
mixture was stirred at room tezrqperature until no more 
gas evolved. The flask was then immersed in a cold 
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purified by prepaxative reversed* phase C^g HPLC using a 
linear gradient of 35% to 100% C3I3CN/H20 with 0.1% TFA 
as eluant to obtain 16.5 mg of the title confound. 
TLC: Rf « 0.25, 3% MeOH in CHjClj. HPLC: Rt « 
5 16.6 min; (^H) -NMR (CDClg) consistent with structure. 

Conpound 5B. A solution of 500 mg of the 
resulting conpoiind of Example 39A and 370 mg of 
ben2ofura2an-4-sulfonyl chloride in 10 mL of CH2CI2 was 

10 reacted in the same manner as described for Exanple 14. 
After worlcup, the title compound was obtained by 
crystallization from hot ethanol . Further purification 
of this material by preparative reversed -phase C^g HPLC 
using a, linear gradient of 35% to 100% CH3CN/H2O with 

15 0.1% TFA as eluent gave 2.0 mg of the title compound. 

TLC: Rf « 0:35, 3% CH3OH in CH2CI2. HPLC: Rt = IT; 00 
min; (^H)-NMR {CDCI3) consistent witli structure. 

Example 59 

A. R { + ) - 1 -phenylethyl -N-hydroxysuccinimdyl carbonate . 
20 The title coitpound was' prepared from R{ + )-l- 

phenylethanol as described in Exair5)le 56A to yield a 
white solid. The resulting material was used directly 
for subsequent reaction; (^H)-NMR {CDCI3) consistent 
with structure. 

25 B. Compoxind 59. A 36 mg portion of the resultant 

compound of Example 58 and 0.21 fimol of the resulting 
compound of 59 A were reacted in the manner described in 
exair5)le 56B. After workup and purification by 
preparative reversed -phase C^g HPLC using a linear 

30 gradient of 35% to 100% CH3CN/H2O with 0.1% TFA as 

eluant, 1.0 mg of the title compound was obtained as a 
white solid. TLC: Rf « 0.45, 3% MeOH in CH2CI2. HPLC: 
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of the resixltant compound of Example 64C in a mixture 
of 1 mL of ethyl acetate and 0.5 mL of water for 
3 minutes. The mixture was then washed repeatedly with 
brine until no more precipitate formed. The organic 
5 layer was dried over MgSO^, filtered and concentrated 
to yield 30 mg of the product (52%). TLC: Rf - 0.22, 
20% ethyl acetate/hexane. 

E. Conpoxind 64. A solution of the resxiltcmt 
coztqpoimds of Exanqples 52D and 39A (total yields) in a 

10 mixture of 1 mL of dichloromethane, 0.3 mL of saturated 
NaHC03 and a small amount of solid NC1HCO3 was stirred 
at room teznperature for 2 hours. The solution was 
diluted with 30 mL of dichlorome thane and the two 
layers were separated. The aqueous layer was extracted 

15 once with dichloromethane chloride. The combined 

orgouiic layer was washed with brine, dried over MgSO^ 
and concentrated. The residue was purified by 
preparative thin layer chromatography with 90% 
dichloromethane/ether as an eluent to yield 30 mg of 

20 the title product as a white solid; TLC: Rf = 0.46, 10% 
EtjO/CHjClj, HPLC Rt - 17.6 min; (^H)-NMR (CDCI3) : 68.45 
(s) , IH; 7.96(d), IH; 7.65 (d) , IH; 7.25 (m), 5H; 
4.65(d), IH; 3.85(m), IH; 3.78(m), IH; 3.30(d), 2H; 
3.10(m), 2H; 2.90(m), 2H: 1.90{m), IH; 1.40(s), 9H; 

25 0.90 (d) , 6H. 

E^camole 65 

Compound 65. A solution of 13.1 mg 
(0.025 mmol) of the resultant coznpoiind of Exaic^le 64E 
in 1.5 mL of ethyl acetate was treated with gaseous HCl 
30 (moderate stream) at O^C for 3 minutes. The solvent 

was removed to yield a solid residue which was used in 
the next reaction without further purification; TLC: 
Rf = 0.52, 10% CH3OH/CH5CI9. A solution of this 
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A. Benzofurazan- 4 -sulfonic acid* To a solution of 
252.0 mg (1.05 nnnol) of o-nitroaniline-m- sulfonic acid 
sodium salt in 1 xnL of water was added 0.52 tnL of 2.0 N 

5 HCl. After 1/2 h, 0.68 xnL (1.05 xnmol) of 

tertrabutylaxnmonium hydroxide (40% in water) was added. 
After 2 hours, the mixture was concentrated in vacuo. 
A solution of the residue in 7 mL of acetic acid was 
treated with 488.5 mg (1.10 mmol) of lead 
10 tertraacetate . After 24 hours, the precipitate was 

filtered and washed with small amount of acetic acid. 
The solid was further dried in vacuo to yield 267.9 mg 
of product. TLC: Rf = 0.09, 10% CSgOH/CHjClj • 

B. Benzofurazan-4-sulfonyl chloride. To a solution 
15 of 137.0 mg (0.522 mmol) of triphenylphosphine in 

0.5 xnL of dichloromethane was slowly added 47 /xL (0.594 
mmol) of sulfuric chloride at 0**C. The ice-water bath 
was removed and the crude resultant con^sound of 
BxaB^le 62A in 0.5 mL of dichloromethane was added 

20 slowly. After 3 hours, the mixture was treated with 
30 mL of 50% ether/hexane . The supernatant was 
decanted into a dry flask and concentrated in vacuo. 
The residue was purified by filtering through a plug of 
silica gel with 25% ethyl acetate as an eluent to yield 

25 23 mg of product. TLC: Rf = 0.6, 10% CHgOH/CHjClg; 
(^H)-NMR (CDClg) consistent with structure. 

C. Compound 62. To a solution of 55.7 mg (0.166 
mmol) of the resultant compound of Example 39A in 1 mL 
of dichloromethane was sequentially added 0.5 mL of 

30 saturated NaHCOg, a small amount of solid NaHCOg cuad 

the resultant con^joxind of Exanple 62B. After 3 hours, 
the mixture was diluted with dichloromethane. The two 
layers were separated and the aqueous layer was 
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(d), IH; 7.25 (m), 5H; 5.15 (m) , IH: 4.85 (d) , IH; 3.82 
(m) 4H; 3.68 (d) , IH; 3.20(in), 2H, 3.05 (d) , 2H; 2.96 
(m), IH? 2.88 (m), IH; 2.14 (m), IH; 1.92 (m), 2H; 
1.50(bs), IH; 0.90(dd), 6H. 

5 Example 67 

Conpound 67. Following the procedure 
described in Example 40B, a solution of the resultant 
compound of Exanple 40A in CH2CI2 is treated with bis- 
( (carboxamido) -amino) -acetic acid, 

10 diisopropylethylamine, HOBt, and EDC in a 1:1:1:1:1 

molar ratio, the mixture is stirred for 16 h at ambient 
temperature while protected from moisture, then diluted 
with additional CHjClj and washed sequentially with 
HjO, saturated NaHC03 solution and brine, then dried 

15 over MgS04 ?T7^ concentrated in vacuo. The residue is 
purified by silica gel chromatography using an 
appropriate eluant to yield the title product. 

Px^mple $9 

Con5)ound 68. This caii5)ound was prepared by the 
20 route described in Exanple 26, except that the reacting 

amine used was the resulting compound of Exanple 39A 

(146 mg, 0.43 mmol) and the acylating agent was 4- 

fluorophenyl sulphonyl chloride (27 mg, 0.14 mmol) . 

After chromatographic purification on a silica gel 
25 column using 8% CHjOH/CH^Clj as eluent, 92.8 mg of the 

title compound was obtained. HPLC: Rt = 15.9 minutes. 

ThCi Rf « 0.54, 8% MeOH/CHjClj; (^H) -NMR (CDCI3) 

consistent with structure. 

E3cample 69 



30 



A. The resulting compound of Exaii?)le 68 (72.1 mg, 
0.167 mmol) was dissolved in 90% aqueous TFA (3.3 mL) , 
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water bath and 540 mg (4.41 mmol) of 
dimethyl thiocarbamoyl chloride (from Aldrich) was 
added. After 5 minutes, the water bath was removed the 
mixture was heated to SO^'C for 1 hour. After being 
5 cooled to room temperature, the mixture was poured into 
20 mL of 0.5 N NaOH three times and water three times. 
The solid was dried in vacuum to yield 580 mg of 
product that was used in the next reaction without 
further purification; TLC: Rf - 0.20, 20% ethyl 
10 acetate/hexane; (''iD-NMR (CDCI3) consistent with 
structure . 

The crude product, 510 mg (2.28 mmol), from Example 64A 
was heated to 190**C in a sealed tube. After 5 hours, 

15 it was cooled to room temperature and ethyl acetate was 
added. The solution was filtered through a plug of a ^ 
silica and concentrated in vacuo to yield 360 mg of 
product which was again used in the next reaction 
without further purification. TLC: Rf «= 0.20, 20% 

20 ethyl acetate/hexame. 

C. S-Mercaptobenzofurazan. To a solution of 357,4 mg 
(1.60 mmol) of the resultant compound of Example 64B in 
2 mL of methanol was added 7 mL of 6 N NaOH. The 
mixture was heated to 90**C for 2 hours. The mixture 

25 was poured into 100 mL ice and acidified with 

concentrated HCl. The slurry was filtered and rinsed 
three times with water. The residue was dried in vacuo 
to yield 145.6 mg of product; TLC: Rf = 0.70, 20 ethyl 
acetate/hexane; (^H)-NMR (cnDCl3) consistent with 

30 structure. 

D. Benzofurazan-5-sulfonyl chloride. Chlorine gas 
was bubbled through a solution of 39.9 mg (0.26 mmol) 
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CH2CI2 ^® reacted in the manner described in 
Exanqple 14. After workup and pxirif ication by 
preparative reversed-phase C^s HPLC using a linear 
gradient of 35% to 100% CHgCN/HjO with 0.1% TFA as 
5 eluant, 6.5 mg of the title conpound was obtained. 
TLC: Rf - 0.2, 3% MeOH in CHjClj. HPLC: Rt « 
15.96 min; (^H)-NMR (CDCI3) consistent with structure. 

BXMBP^e 72 

Compound 72. A solution of the resulting compound 
10 from the trifluoroacetic acid deprotection of Example 
69A (31 mg, 0.07 mmol) in CHjCl^ (2 mL) was added 
diisopropylethylamine (47 /il, 0.27 mmol) and 
dimethylsulfamoyl chloride (22 fil, 0.20 mmol), and the 
reaction proceeded for 16 hours at room tenperature. 
15 The reaction mixture was then concentrated, and the 

residue was chromatographed on a thiclc layer silica gel 
plate (1.0 mm) using 5% lOT/CHjClj as eluent, yielding 
the desired compound which was further subjected to 
purification by preparative HPLC to yield 7.8 mg of a 
20 white solid. HPLC: Rt - 14.8 minutes. TLC: Rf = 0.44, 
5% THF/CHjClj- 

Example 73 

Compound 73. A 43 mg portion of the 
resultant coit5)Ound of Exairple 54 was treated with 1 mL 

25 of 90% aqueous TFA and allowed to stand for 12 h. The 
mixture was concentrated in vacuo and the residue taken 
up in 5 mL of CH2CI2. To this solution, 3 mL saturated 
aqueous sodium bicarbonate and 25 mg of 2,5- 
dimethoxybenzenesxilf onyl chloride was added, and the 

30 mixture was stirred for 12 h, warming slowly to ambient 
temperature. After concentration of the mixture 
in vacuo, the residue was purified by thick layer 
silica gel chromatography using 3% MeOH/CH2Cl2 as 
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hydrochloride salt (entire yield) in l xnL of 
dichloromethane was treated sequentially with 9-2 fiL 
(0.053 inmol) of diisopropyl ethyl amine and 4.0 /iL 
(0.028 mmol) of benzyl chlorof ormate. After 3 hours, 
5 the mixture was concentrated and purified by 

preparative thin layer chromatography with 90% 
dichloromethane/ether as an eluent to yield 11.7 mg of 
the title conpoiind as a white solid; TLC: Rf « 0.65, 
10% EtjO/CHjClj; HPLC Rt - 17.6 min; (^H) -NMR (CDCI3: 
10 6 8.45{s), IH; 7.96(d), IH; 7.65(d), IH; 7.25(m), lOH; 
5.00, (m), 2H; 4.85(d), IH; 3.86 (m), 2H; 3.60(bs), IH; 
3.25 (m), 12H; 3.05(d), 2H; 2.96 (m), IH: 2.98 (m), IH; 
1.88(m), IH; 0.90 (dd), 6H. 

15 Compound 66. A solution of 100 mg 

(0.46 mmol) of the resultant compound of Example 64D 
and 101 mg (0.286 mmol) of the resultant coit5)ound of 
Example 48A in a mixture of 2 mL of dichloromethane, 
0.5 mL of saturated NaHC03 and small amount of solid 

20 NaHC03 was stirred at room temperature for'2 hours. 

The solution was diluted with 50 mL of dichloromethane 
and the two layers were separated. The aqueous layer 
was extracted once with dichloromethane. The combined 
organic layer was washed with brine, dried over MgSO^ 

25 and concentrated. The residue was purified by 

preparative thin layer chromatography with 20% ethyl 
acetate/hexane as an eluent to yield 82 mg of the title 
product as a slightly inqpure pale yellow solid. The 
material was further purified by preparative HPLC with 

30 a linear gradient solvent system of 35% to 80% of 
ace tonit rile/water (0.1% TFA) over 80 min. Upon 
removal the solvents 50 mg of white solid was obtained. 
TLC: Rf = 0.46, 10% EtgO/CMjClj; HPLC, Rt = 17.6 min; 
(^H)-NMR (CDCI3) : 6 8.45 (s) , IH; 7.96 (d) , IH; 7.65 
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methanol/CHgClg * The title conpouzid was obtained as 35 
mg of a colorless foam. HPLC: Rt 16.8 min. TLC: Rf 
= 0.32, 3:97 methanol /CHjClj; (^H) -NMR (CDCI3) 
consistent with structure. 

5 E3cample 75 

A. Compound XXI (A » tert-butoxircarbonyl, = 
isopropyl. A* » H) . To a solution of Compound XX (A 
tert-butoxycarbonyl) (1.67 mmol) in ethanol (10 mL) was 
treated with isopropylamine (10 mL) . The solution was 
10 heated to 85^C for 72 h. The solution was filtered 

then concentrated under reduced pressure to give 0.56 g 
of the title coxcpound which was used without subsequent 
purification. (^H)-NMR (CDCI3) consistent with 
structure . 

15 B. Compound 75. To a solution of the resultamt 

confound of Exaziple 75A (0.2 g, 0.65 mmol) in CH2CI2 
(10 mL) was added a saturated solution of sodium 
bicarbonate (3 mL) , followed by addition of solid 
sodiiom bicarbonate (0.11 g, 1.31 mmol) , then p- 

20 f luorobenzenesiilf onyl chloride (0.25 g, 1.28 mmol) . 
The mixture was stirred overnight at ambient 
ten^erature . The organics were extracted into 100 mL 
CH2CI2' dried over anhydrous MgSO^, concentrated under 
reduced pressure then purified via medium pressure 

25 silica gel chromatography using a gradient system of 
CH2CI2 followed by 1:99 methcUiol/CH2Cl2. The title 
compoimd was obtained as a colorless foam 200 mg. TLC: 
Rf » 0.22, 3:97 methanol/(3l2Cl2, HPLC: Rt = 16.48 min; 
(^H)-NMR (CDCI3) consistent with structure. 
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and the reaction mixture stirred for 3 hours at room 
temperature, then was concentrated to dryness. TLC: Rf 
« 0.29, 8% MeOH/CSjClj. 

B. Compound 69. To a solution of the resulting 
5 conpound of Eyample 69A (41.7 mg, 0.09 mmol) in CHjCl^ 
(2 mL) was added diisopropylethtylamine (47 fil, 0.27 
mmol) and the resulting compound of Exairple 48A {33 mg, 
0.15 mmol), and the reaction proceeded for 14 hours at 
room tenperature . The reaction mixture was then 

10 concentrated, and the residue was chromatographed on a 
silica gel colxann using 8% THF/CH^Clj was eluent, 
yielding the desired conpound which was further 
subjected to purification by preparative HPLC, yielding 
7.8 mg of a white solid. HPLC: Rt « 13.5 minutes. 

15 TLC: Rf « 0.36, 8% THF/CHjCl^; (^H) -NMR (CDCI3) 
consistent with structure. 

Example 70 

Compound 70. A solution of 30 mg of the resulting 
compound of Exanqple 54 and 17.6 mg of 3-acetamido-4- 

20 fluorobenzenesulf onyl chloride in 10 mL of CHjCl^ was 

reacted in the same manner as described for Example 14. 
After workup and purification by preparative reversed- 
phase Cj^g HPLC using a linear gradient of 35% to 100% 
CH3CN/H2O with 0.1% TFA as eluent, 2.0 mg of the title 

25 compound was obtained. TLC: Rf = 0.5, 10% CH3OH in 
CHjClj. HPLC: Rt « 13.74 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Example 71 

Cotipound 71. A 30 mg portion of the 
30 resultant compound of Example 58 was deprotected with 

trifluoroacetic acid and the resulting compound reacted 
with 9 fiL of dimethysulfamoyl chloride in 10 mL of 
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Example 77A dLn CE2CI2 is reacted with 4- 
fluorobenzenesulf onyl chloride in the presence of water 
and NaHC03. Following dilution with additional CH2CI2 
cuid aqueous workup, the resultant product is dried over 
5 M9SO4, filtered, and concentrated in vacuo. The 

residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 
product • 

BxaittPle 78 

10 A. Ccmpoxind XXI (A « tert-but03Qrcarbonyl, D' = 

cyclopentyl. A* » H) . To a solution of conpound XX (A 
« Boc) in ethanol is added 10 molar equivalents of 
cyclopentylamine. The mixture is heated xinder reflux 
for 12 h, cooled, and the mixture concentrated in 

15 vacuo. The residue is used without siibsequent 
purification: 

B. Compound 78. Following the procedure described in 
Exanple 81, a solution of the resultant con^sound of 
Exanple 78A in C3I2C12 is reacted with 4- 

20 fluorobenzenesulfonyl chloride in the presence of water 
and NaHCOg. Following dilution with additional CHjClj 
and aqueous wortaip, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue is then purified by silica gel chromatography 

25 using an appropriate solvent system to yield the title 
product . 

Example 79 

A. Corr550und XXI (A .* tert-butoxycarbonyl , D' = 2- (4- 
pyridy 1 ) ethy 1 , A' «= H) . To a solution of compound XX 
30 (A - Boc) in ethanol is added 3 molar equivalents of 4- 
aminoethylpyridine . The mixture is heated under reflxix 
for 12 h, cooled, and the mixture concentrated in 
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elxiant followed by preparative reversed -phase C^g HPLC 
using a linear gradient of 35% to 100% CH3CN/H2O with 
0.1% TFA as eluant to obtain 5.5 mg of the title 
conpoxind. TLC: Rf «= 0.20, 3% MeOH/CHjClj. HPLC: Rt = 
5 15.15 min; ('^H) -NMR (CDCI3) consistent with structure. 

Example 74 

A. Conpound XXI (A « tert-butoxycarbonyl, D' = 
cyclopropylmethyl, A' • H) . To a solution of confound 
XX (A « tert-butoaqrcaurbonyl) (0.8 g, 2.67 mmol) in 

10 ethanol (30 mL) was added a solution of KOH (0.18 g, 
3.2 mmol) in ethanol (20 mL) and the mixture stirred 
for 45 min at room teziperature . In a separate flask, a 
solution of cyclopropylmethyl -amine hydrochloride (1.44 
g, 13.3 mmol) in ethanol (20 mL) was added KOH (0.75 g, 

15 13.3 mmol) . The mixture was stirred 30 min at room 

temperature." The solutions were combined and heated at 
85 ®C for 3 h. The solution was concentrated under 
reduced pressure and the residue slurried in diethyl 
ether and filtered. The ethereal layer was 

20 concentrated to give 0.32 g of a white solid; (^H)-NMR 
(CDCl^) consistent with' structure. 

B. Compound 74. To a solution of the resulting 
compound of Example 74A (0.1 g, 0.30 mmol) in CK^Cl^ (20 
mL) was added a saturated solution of sodium 

25 bicarbonate, followed by addition of solid sodium 
bicarbonate (30 mg, 0.36 mmol), then 4- 
fluorobenzenesulfonyl chloride (0.07 g, 0.36 mmol). 
The mixture was allowed to stir at room temperature for 
4 h. The organics were extracted into 250 mL CH^Clj, 

30 dried over anhydrous MgSO^, concentrated under reduced 
pressure then purified via medixim pressure liquid 
chromatography using a gradient system of CH^Cl^ 
followed by 0.5:99.5 methanol /CHjClj followed by 1:99 
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ether and the organic layers dried over anhydrous MgSO^ 
and concentrated under reduced pressure. Purification 
by silica gel chromatography gives the title cozripound. 

B. 4- (aminomethyl) tetrahydro-4H-pyran 

5 To a solution of the compound of the Example BOA (10 g, 
89.9 xmnol) in absolute ethanol (200iqL) is added Raney 
NicJcel (2,0 g, 50% slurry in water). The mixture is 
stirred for 24 hours at ambient textperature \inder 40 
psig of hydrogen. The solution is filtered through 
10 celite euid the solution concentrated under reduced 

pressure. The residue is taken up in ether (2L) %rashed 
with brine, dried in anh. MgSO^, then concentrated 
under reduced pressure to give the title comnpound. 

C. {1S,2R) -N- (l-Benzyl-3- (N- (4- 

15 ( aminomethyl ) tetrahydro- 4H-pyran) ) - 2 - hydroxypropyl ) - 
tert butoxycarbonylamine . 

To a solution of the contpound of Bxanple SOB (Bg, 48.5 
mmol) in absolute ethanol (20mL) is added the confound 
XX (A=Boc) (2.55 s, 9.7 mmol) . The mixture is stirred 
20 for 24 hours at ambient temperature. The solution is 
concentrated under reduced pressure and the crude 
product is puffed via column chromatography to give the 
title compound. 

D. Compound XXII (A=Boc, D' « (4- tetrahydro-4H- 
25 pyranyl) methyl, A'«H). To a solution of compoimd XX 

(A=Boc) in ethanol is added 3 molar equivalents of the 
resulting compound of Exanple 80C. The mixture is 
heated under reflux for 12 h, cooled, and the mixture 
concentrated in vacuo. The residue is purified by 
30 preparative reversed -phase chromotography using a 
linear gradient of 5% to 100% acetonitrile/HjO as 
eluant to yield the title compound. 
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Example 76 

A. Coir5)Oxind XXI (A - tert-butoxycaxbonyl, D' «= 
morpholinyl, A* « H) • To a solution of congpoixnd XX (A 
" Boc) in ethanol is added 3 molar equivalents of N- 
5 amino morpholine. The mixture is heated under refliix 
for 12 h, cooled, and the mixture concentrated in 
vacuo. The residue is purified by preparative 
reversed -phase chromatography using a linear gradient 
of 5% to 100% acetonitrile/HjO as elusmt to yield the 
10 title compound. 

^B. Compoxind 76. Following the procedure described in 
Exaitple 81, a solution of the resultant conqpound of 
Exanple 76A in CH2CI2 is reacted with 4- 
f luorobenzenesulf onyl chloride in the presence of water 

15 and NaHC03. Following dilution with additional CH2CI2 
and aqueous workup, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue is. then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 

20 product. 

Example 77 

A. Compound XXI (A = tert-butoxycarbonyl, D' = 4- 
(N,N-dimethylamino) -benzyl, A' « H) . To a solution of 
conpound XX (A » Boc) in ethanol is added 3 molar 

25 equivalents of 4-aminomethyl- (N,N-dimethyl) -aniline. 
The mixture is heated under reflux for 12 h, cooled, 
and the mixture concentrated in vacuo. The residue is 
purified by silica gel chromatography using an 
appropriate solvent system as eluant to yield the title 

30 product. 

B. Compound 77. Following the procedure described in 
Example 81, a solution of the resultant con5)ound of 
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B. Catapound ZXII (A « D' ^ isobutyl, E = 3,4- 
dichlorophenyl, hydrochloride salt). A solution of 467 
mg of the resulteint coziqpoimd of Exasqple 81A in ethyl 
acetate was treated at -20^C with HCl gas. The HCl was 

5 biibbled through the mixture for 20 min over which time 
the tenperature was allowed to warm to 20®C. Nitrogen 
was then bubbled through the mixtiire for 15 min cind 
solvent removed in vacuo to yield 412 mg of product as 
a white solid which was used without subsequent 
10 piirif ication. '"^ 

C. Confound 81. A solution of 91 mg of the resultant 
compound of Bxanple 81B in CH^Cl^ was treated 
sequentially! at ambient temperature under em 
atmosphere of nitrogen, with 25 mg of allyl 

15 chlorof ormate and 52 mg N,N-diisopropylethylamine. The 
mixture was stirred for 4 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
cind washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 

20 yield 89 mg of the title product as a white solid, 

TLC: Rf « 0.53, 5% diethyl ether in CHjCl^. HPLC: Rt 
17,95 min. (^H)-NMR (03)013) consistent with structure. 

^^"TP3i ? 82 

A. ( 3 - Pyridyl ) -methyl - 4 - nitrophenyl - carbonate . To a 
25 solution of 3.65 g of bis- (nitrophenyl) carbonate in 
25 mL of CHjClj at O^C was added sequentially 0.97 mL 
of 3 -pyridyl carbinol and 1.3 mL of 4 -methyl morphine. 
After stirring at room temperature for 24 hours, the 
resulteint mixture was diluted with 100 mL of CH2Cl2# 
30 washed with saturated sodium bicarbonate, water and 
brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
filtration through a plug of silica gel, using 0-40% 
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vacuo. The residue is piirified by preparative 
reversed-phase chromatography using a linear gradient 
of 5* to 100% acetonitrile/HjO as eluant to yield the 
title product. 

5 B. Conpoxind 79. Following the procedure described in 
Exaicple 81, a solution of the resultant confound of 
Example 79A in CH2CI2 is reacted with 4- 
fluorobenzenesulfonyl chloride in the presence of water 
and NaHC03. Following dilution with additional CH2CI2 
10 and aqueous workup, the resultant product is dried over 
MgSO^, filtered, emd concentrated in vacuo. The 
residue is then purified by silica gel chromatography 
using an appropriate solvent system to yield the title 
product . 

15 gX3mp?,g 8p 

A. 4-Cyanotetrahydro-4H-pyran. Following essentially 
the procedure of Yoneda, R. "Cyanophosphate: An 
Efficient intermediate for Conversion of Carbonyl 
corapoxinds to Nitriles," Tetrahedron Lett >. 30, 3681 

20 (1989), a solution of tetrahydro-4H-pyran-one (9.9 g, 
97.8 mmol) in dry THF (50 mL) is reacted with lithium 
cyanide (9.7 g, 294 mmol) and diethyl cyanophosphonate 
(24 g, 146 mmol) . The mixture is stirred for 24 h at 
ambient teir5)erature . The reaction is quenched by the 

25 addition of 100 mL HjO. The product is extracted into 
1.5 L of diethyl ether, dried over anhydrous MgSO^ then 
concentrated under reduced pressure. The residue is 
dissolved in dry THF (30 mL) and tert-butyl alcohol 
(7.25 g, 97.8 mmol). This solution is added slowly to 

30 75 mL of a 1 M solution of Sml^. The mixture is 

stirred for 15 h at ambient tenperature . The reaction 
is quenched by addition of 100 mL of saturated aqueous 
NH4CI. The resulting mixture is extracted with diethyl 
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using 60% ether/CH2Cl2 as eluent followed by 
preparative reversed -pha se C^g HFLC using a linear 
gradient of 40% to 100% CHgCa^/HjO with 0.1% TFA as 
eluant. The resultant TFA salt of the title confound 
5 was washed with satxirated sodium bicarbonate to yield 
6.5 xng of the title coitpoxind. TLC: Rf « 0.15, 20% 
EtOAc/CHjClj. HPLC: Rt « 13.52 min. (^H) -NMR (CDCI3) 
consistent with structure. 

£2SfiB2l£— &1 

10 A. Cocapound ZXII (A » tert-butoxycaronyl, D' «= 

isobutyl, E « 4 - acetami do- 3 > chlorophenyl ) . A solution 
of 339 mg of the resultant cozopound of Exantple 39A in 
4:1 CIL^Cl^/saturated aqueous NGJICO3 was treated 
sequentially, at ambient temperature under an 

15 atmosphere of nitrogen, with 324 mg of 4-acetamido-3- 
chlorobenzenesxilf onyl chloride and 102 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CH2Cl2f washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

20 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether in CHjClj as 
eluent to yield 498 mg of product. TLC: Rf « 0.27 (20% 
diethyl ether in CHjClj) . HPLC: Rt « 16.20 min. 
(^H}-NMR (CDCI3) consistent with structure. 

25 B. Cortpound XXII {A « H, D* = isobutyl, E = 4- 
acetamido- 3 -chlorophenyl, hydrochloride salt). A 
solution of 474 mg of the resultant compound of Exairrple 
83A in ethyl acetate was treated at -20**C with HCl gas. 
The HCl was bubbled through the mixture for ^20 min over 

30 which time the tenperature was allowed to warm to 20**C. 
Nitrogen was then bubbled through the mixture for 15 
min and the solvent was removed in vacuo to yield 421 
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To a solution of coinpoiind XX(AsBoc) in 
ethanol is added 3 molar equivalents of N- amino 
morpholine. The mixture is heated under reflux for 12 
h, cooled, and the mixtiire concentrated in vacuo. The 
5 residue is purified by preparative reversed-phase 

chromatography using a lineax gradient of 5% to 100% 
acetonitrile/HjO as eluant to yield the title con^jound. 

E. Cospound 80. Following the procedure 

described in Example 81, a solution of the resultant 

10 compound of Example 80D in CH^Cl^ is reacted with 4- 

f luorobenzenesulf onyl chloride in the presence of water 
and NaHCO^. Following dilution with additional CH^Cl^ 
and aqueous workup, the resultant product is dried over 
MgSO^, filtered, and concentrated in vacuo. The 

15 residue is then purified by silica gel chromatography 
to yield the title product. 

Example 81 

A. Compound XXII (A - tert-butoxycarbonyl, D' = 
isobutyl, E = 3,4-dichlorophenyl) . A solution of 316 

20 mg of the resultant compo\ind of Example 39A in 4:1 
CH^Cl^ /saturated aqueous NaHC03 was treated 
sequentially, at ambient teirperature under an 
atmosphere of nitrogen, with 276 mg of 3,4- 
dichorobenzenesulf onyl chloride and 95 mg of sodium 

25 bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjCljf washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CHjClj as eluent 

30 to yield 490 mg of product. TLC: Rf = 0.26, 5% diethyl 
ether in CHjClj. HPLC: Rt = 18.92 min. (^H) -NMR 
(CDCl*) consistent with structure. 



wo 94/05639 



PCr/US93/08458 



- IS? - 

Rf - 0.56 (3:97 methanol/CHjClj) , HPLC: Rt = 19.78 min, 
(^H)-NMR (CDCI3) consistent with structure. 

A. (3-Tetrahydrofixryl) -methyl -4 -nitrophenyl- 
5 carbonate. To a solution of 1.21 g of p-nitrophenyl 
chloroforxnate in 20 inL of CH2CI2 O^C was added 
sequentially, 0.51 g of tetrahydro-3-furanmethanol and 
0.66 xnL of 4 -methyl morpholine. After stirring at room 
teznperature for 2 hours. The mixture was stirred for 
10 2 hours and concentrated in vacuo. The residue was 
purified by filtering through a plug of silica gel, 
using 0-50% EtOAc/CH2Cl2 as eluent to provide 1.17 g of 
the title product as a pale yellow solid. TLC: Rf « 
0.20, 50% EtOAc/hexcine. 

15 B. Coir5)Ound 85. To absolution of 70 mg of the 

resultant conpoxind of Example BIB in 1 mL of THF was 
added sequentially, 56 /xL of diisopropylethylamine and 
a solution of 46.6 mg of the resultauit conpound of 
Example 85A in 1 mL of THF. The mixture was stirred 

20 for 24 hours and then concentrated in vacuo. The 

residue was diluted with 60 mL of CH2Cl2f washed with 
5% sodixim bicarbonate and brine, dried over magnesiimi 
sulfate, filtered and concentrated in vacuo to yield 
120 mg of crude product. The residue was purified by 

25 preparative thin layer chromatography using 20% 

EtOAc/CH2Cl2 as eluent to yield 82 mg of the title 
coit5)Ound. TLC: Rf - 0.4, 20% EtOAc/CH2Cl2 . HPLC: Rt = 
17.08 min. {^H)-NMR (CDCI3) consistent with structure. 

Example 86 

30 Compound 86. A solution of 42 mg of the resultant 

cozzpoiind of Exanple 40A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 
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EtOAc/CH2Cl2 as eluent to provide 1.68 g of the title 
product. TLC: Rf = 0.19, 50% EtOAc/hexane . 

B. Conqpound XXII (A « tert-butoxycarbonyl , D* = 
isobutyl, E « 3,4-benzofurazan) . To a solution of 

5 498.6 mg of the resultauit cozrpound of Exaxrple 39A in 
10 xnL of CH2CI2 was added sequentially, 2 mL of 
saturated sodixizn bicarbonate, a small amount of solid 
sodium bicarbonate and 516.4 mg of the resultant 
cospound of Example 64D. After stirring at room 

10 tenperature for 3 hours, the resultant mixture was 
diluted with 60 mL of CE2CI2, washed with saturated 
sodium bicarbonate and brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The 
residue was purified by silica gel chromatography using 

15 5% diethyl ether/hexane as eluent to yield 300 mg of 
white solid. TLC: Rf =0.80, 50% EtOAc/hexane. 

C. Compound XXII (A « H, D* « isobutyl; E = 3,4- 
benzofurazan, hydrochloride salt.) . A solution of 
60.3 mg of the resultant compound of Example 82B in 

20 3 mL of EtOAc at -20**C-was treated with anhydrous HCl 
gas for 5 min. The ice bath was removed and after an 
additional 10 min. The reaction mixture was sparged 
with nitrogen then concentrated in vacuum and the 
resulting white solid used without subsequent 

25 purification for subsequent reaction. 

D. Compound 82. To a solution of the resultant 
compound of Example 82C (entire yield) in 2 mL of 
CH2CI2 was added sequentially, 45 /iL of 
diisopropylethylamine and 35.1 mg of the resultant 

30 compound of Exanple 82A. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was purified by preparative thin layer chromatography 
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TLC: Rf - 0.20, 5% MeOH/CHjClj. HPLC: Rt - 14.6 min; 
{^H)-NMR (CDClg) consistent with structure. 

Conpound 88. A 0.033 ssnol portion of the 
5 resultant conpoxnid of Exauple 87A was taken up in 5 mL 
of CH2CI2. To this solution, 26 fih of triethylamine 
and 12 mg of the resultant compound of Exaxt^ile 48A were 
added and stirred for 12 h. The resulting mixture was 
diluted with CH2Cl2# washed with saturated sodium 

10 bicarbonate solution and saturated brine, dried over 

magnesiiam sulfate and filtered. After concentration of 
the mixture in vacuo, the residue was purified by thick 
layer silica gel chromatography using 5% MeOH/CH2Cl2 as 
eluant followed by preparative reversed-phase C^g HPLC 

15 using a linear gradient of 35% to 100% CH3CaJ/H20 with 
0.1% TFA as eluant to obtain 7.5 mg of the title 
cortpoimd. TLC: Rf « 0.30, 5% MeOH/CH2Cl2. HPLC: Rt « 
13.38 min; (^H) -NMR {CDCI3) consistent with structure. 

Example B9 

20 Compound 89. A solution of 28 mg of the resultant 

compound of Example 8 IB in CH^Cl^ was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of n- propyl 
chloroformate and 17 mg N,N-diisopropylethylamine. The 

25 mixture was stirred for 3 h and then concentrated 

in vacuo. The residue was tcdcen up in ethyl acetate 
cmd washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 
yield 31 mg of the title product as a white solid. 

30 TLC: Rf » 0.35 (5% diethyl ether in CH^Clj) . HPLC: Rt = 
18.12 min- (^H) -NMR (CDCl^) consistent with structure. 
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mg of product as a white solid which was used without 
subsequent purification. 

C. Conqpoimd 83. A solution of 92 rog of the resultant 
conipound of Example 83B in CH^Cl^ was treated 
5 sequentially, at ambient teztperature xinder an 
atmosphere of nitrogen, with 24 mg of allyl 
chlorof ornate and 52 mg N,N-diisopropylethylamine. The 
mixture i^as stirred for 4 h and then concentrated 
in vacuo. The residue was tcJcen up in ethyl acetate 

10 and washed with 0.5 N HCl and satxirated NaCl, then 

dried over MgSO^, filtered, and concentrated in vacuo 
to yield 106 mg of the title product as a white solid. 
TLC: Rf = 0.38 (20% diethyl ether in CH^Clj) . HPLC: Rt 
« 15.28 min. (^H) -NMR (CDCI3) consistent with 

15 structure. 

Example 84 

Coir5)ound XXII (A = tert-butoxycarbonyl, D' = 
isobutyl, E = 3,4-dichlorophenyl) . To a solution of 
the resultant coiripoiind of Example 51D (220 mg, 0.61 

20 mmol) in CHgClj (10 mL) was added the 3,4- 

dichlorobenzenesulfonyl chloride (300 mg, 1.22 mmol) 
followed by the addition of a saturated solution of 
sodium bicarbonate (3 mL) followed by addition of O.lg 
of solid sodium bicarbonate. The mixture was stirred 

25 at ambient temperature overnight. The solution was 
diluted with 100 mL CHjClg, the orgahics separated, 
dried over anhydrous, MgS04, and the organics 
concentrated under reduced pressure to obtain 0.17 g of 
crude product. The crude product was purified via 

30 medixim pressure liquid chromatography using CH2CI2 

followed by 0.5:99.5 methanol /CHjClj followed by a 1:99 
methcUiol/CH2Cl2 solution as the solvent system to give 
103 mg of the title compound as a white solid. TLC: 
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benzene and azeotropic removal of water in vacuo 
yielded the title product as a tan solid which was used 
directly in the next reaction. 

C. 3-Acetaznidobenzenesiil£onyl chloride. The 

5 resultant conpound of Bxaznple 91B in CH^Cl^ was treated 
at O^C with 4.5 g of phosphorous pentachloride under an 
atmosphere of nitrogen. The xnixture was stirred 14 h, 
extracted with CH^Cl^i and concentrated in vacuo to 
yield 1.7 g of the title product as a brown oil. TLC: 
10 Rf m 0.21 (1:1 toluene/diethyl ether). (^H) -NMR (CDCI3) 
consistent with structure. 

D. Conpound XXII (A « tert-butoaqrcarbonyl, D' « 
isobutyl, E « 3-acetamidophenyl) . A solution of 280 mg 
of the resultsmt contpound of Example 39A in 4:1 

15 CH^Cl^/saturated aqueous NaHC03 treated 

sequentially, at ambient ten^erature \inder an 
atmosphere, of nitrogen, with 252 mg of the resultant 
cozi^)ound of Example 91C ouad 105 mg of sodium 
bicarbonate. The mixture was stirred for 60 h, diluted 

20 with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered and concentrated in vacuo. The residue 
was purif ed by low pressure silica gel chromatography 
using 20% diethyl ether in CH^Clj as eluent to yield 156 
mg of the title product. TLC: Rf = 0.14 (20% diethyl 

25 ether in CH^CljWas) . HPLC: Rt « 15.39 min. (^H) -NMR 
(CDCI3) consistent with structure. 

E. Compound XXII (A « H, D' = isobutyl, E = 3- 
acetamidophenyl , hydrochloride salt).*' A solution of 
123 mg of the resultcmt conpound of Exait5)le 9 ID in 

30 ethyl acetate was treated at -20*'C with HCl gas. The 
HCl was bxibbled through the mixture for 20 min, over 
which time the teit^jerature was allowed to warm to 20*'C.^ 
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atmosphere of nitrogen, with 41 mg of the product of 
Exanple 52A and 46 zng N,N-diisopropylethylaziiine. The 
mixture was stirred 14 h, diluted with CHjClj, washed 
with saturated NaHC03 and saturated NaCl, then dried 
5 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by preparative thin layer silica 
gel chromatography using ethyl acetate as eluent to 
yield 43 mg of product. TLC: Rf - 0.44 (20% ethyl 
acetate). HPLC: Rt « 13.14 min. (^H)-NMR (CDCI3) 
10 consistent with structure. 

A. CQxnpoimd XXII (A » H, O* « isobutyl, E » 4- 
acetamido, 3-fluoro) . A solution of 25 mg of the 
resultant caatpoxmd of Exairqple 54 in EtOAc (10 mL) at 

15 0**C was treated with anhydrous hydrogen chloride gas 
for 10 min. , said allowed to stand for 12 h while 
warming to ambient temperature. The resultant mixture 
was then concentrated in vacuo to yield compound as a 
white solid which was used without subsequent 

20 purification for ensuing reaction. 

B. Compound 87. A 0.045 mmol portion of the 
resultant compound of Exan5)le 87A was taken up in 5 mL 
of CHjClj. To this solution, 40 fih of 
diisopropylethylamine and 6 /iL of allyl chlorof ormate 

25 were added at 0**C cind the mixture was stirred for 12 h, 
while %rarming slowly to ambient tert5)erature . The 
resulting mixture was diluted with CHgClj, washed with 
saturated brine, dried over magrnesium sulfate and 
filtered. After concentrated in vacuo, the residue was 

30 purified by preparative reversed -phase C-jg HPLC using a 
linear gradient of 35% to 100% CH3CN/H2O with 0.1% TFA 
as eluant to obtain 11.6 mg of the title compound. 
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Example 93 

A, N- hydroxysuccinimidyl - (R) - 3 -hydroxytetrahydrof uryl 
carbonate. The title compound was prepaired as 
described in Example 48A stsurting with 81 mg o£ (R)-3- 

5 hydroxytetrahydrofuran to yield 56 mg of the title 

product as a white solid. (^) -NMR (CDCI3) consistent 
with structure. 

B. Compound 93. To a solution of 43 mg of the 
resultant confound of Exanple 35A in CH^Cl^ was added, 

10 at ambient temperature tinder cm atmosphere of nitrogen, 
27 mg of the resnltaiit compound of Example 93A and 39 
mg N,N-diisopropylethylcunine. The mixture was stirred 
for 14 h, diluted with CH^Cl^r washed with saturated 
NeJIC03 and saturated NaCl, then dried over MgSO^, 

15 filtered, and concentrated in vacuo. The residue was 
purified by preparative thin layer silica gel 
chromatography using 2% C3I3OH in CH^Cl^ as eluent to 
yield 45 mg of the title product as a white solid. 
TLC: Rf - 0.52 (5% CH3OH CHjCl^) . HPLC: Rt - 14.94 min. 

20 (^H) -NMR {CDCI3) consistent with structure. 

Example 94 

Compound 94. A solution of 47 mg of the resultant 
confound of Example 4 OA in CH^Cl^ was treated 
sequentially, at ambient tenperature under an 

25 atmosphere of nitrogen, with 28 mg of the product of 
Exanple 93A and 39 mg N,N-diisopropylethylamine. The 
mixture was stirred for 14 h, diluted with CHjClj/ 
washed with saturated NaHC03 and saturated NaCl, then 
dried over MgSO^, filtered, and concentrated in vacuo. 

30 The residue was purified by preparative thin layer 

silica gel chromatography using 5% methanol in CHjClj as 
eluent to yield 40 mg of the title product as a white 
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Compoiind 90. A solution of 28 mg o£ the resultant 
coxitpound of Exairple 83B in CH^Cl^ was treated 
sequentially, at ambient tes^erature \inder an 
5 atmosphere of nitrogen, with 7 mg of n- propyl 

chloroformate and 15 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and satxirated NaCl then dried 
10 over MgSO^, filtered, and concentrated in vacuo to 
yield 30 mg of the title product as a white solid. 
TLC: Rf » 0.47 (20* diethyl ether in CH^Clj) . HPLC: Rt 
= 15.41 min. (^) -NMR"^ (CDCI3) consistent with 
structure . 

15 Example 91 

A. 3-Acetamidobenzene sulfonic acid. A solution of 
1.48 g of 3-aminobenzene sulfonic acid in 1:1 
tetrahydrofuran/water was treated at 0**C with 1.43 g of 
sodium bicarbonate. After 5 min, 1.30 g of acetic 

20 anhydride was added dropwise and the reaction allowed 
to warm to ambient temperature under an atmosphere of 
nitrogen over 14 h. The reaction mixture was passed 
through a colxamn of Amberlyst 15 ion exchange resin, 
eluted with water, and concentrated in vacuo to yield 

25 an oil which upon treatment with benzene amd azeotropic 
removal of water in vacuo yielded 1.8 g of the title 
product as a white crystalline solid. (^H) -NMR (ODClj) 
consistent with structure. 

B. 3-Acetamidobenzene sulfonic acid, sodium salt. 
30 The resultant compound of Example 91A in water was 

treated at 0®C with 8.5 mL of 1 N sodium hydroxide. 
The mixture was stirred for 3 h and concentrated 
in vacuo to yield an oil which upon treatment with . 
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was stirred £or 24 hcnirs and then concentrated 
in vacuo. The residue was purified by preparative thin 
layer chromatography using 10% methanol /CH2CI2 as 
eluent followed by preparative reversed -phase C,g HPLC 
5 using a linear gradient of 30% to 100% CHgCN/HjO with 
0.1% TFA as eluant to yield 50.2 mg of the title 
conpound. TLC: Rf - 0.43, 10% methanol/CHjClj. HPLC: 
Rt - 13.54 min. ('h)-NMR (CDCI3) consistent with 
structxxre.- 

10 Example 97 

Compound 97. To solution of 60 mg of the 
resultant compound of Exanple 35A in 1 mL of THF was 
added sequentially, 54 fiL of diisopropylethylamine and 
a solution of 48.9 mg of the resultant compound of 

15 Example 85A in 1 mL THF. The mixture was stirred for 
24 hours and then concentrated in vacuo. The residue 
was diluted with 60 mL of CHjClj, washed with 5% sodiimi 
bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo. The residue was 

20 purified by preparative thin layer chromatography using 
20% EtOAc/CH2Cl2 as eluent to yield 46.9 mg of the 
title compound. TLC: Rf - 0.31, 20% EtOAc/CHjClj . 
HPLC: Rt « 15.18 min. (^H)-HMR (CDCI3) consistent with 
structure . 

25 g3cairyp?.g ?8 

Con?)Oxmd 98. To a solution of 61.0 mg of the 
resultant compoimd of Exaii5)le 35A in l mL of THF was 
added sequentially, 49 fih of diisopropylethylamine and 
a solution of 44 mg of the resultant coirpound of 
30 Exairple 82A in 1 mL THF. The mixture was stirred for 
24 hours smd then concentrated in vacuo. The residue 
was purified by preparative thin layer chromatography 
using 5% methanol /CHjClj as eluent to yield 61.0 mg of 
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Nitrogen was then biibbled through the mixture for 15 
min and solvent removed in vacuo to yield 118 mg of the 
title product as a white solid which was used directly 
in siibseguent reactions. 

5 F. Compound 91. A solution of 49 mg of the resultant 
confound of Example 91E in CH^Cl^ was added, at ambient 
tenperature under an atmosphere of nitrogen, to a 
solution of 48 mg of the resultant cosapoxxad of Bxanple 
48A and 54 mg N,N-diisopropylethylamine in CHjClj* The 

10 mixture was stirred for 14 h, diluted with CH^Cl^i 

washed with saturated NaHC03 and saturated NaCl, then 
dried over MgSO^, filtered and concentrated in vacuo. 
The residue was subjected to preparative thin layer 
silica gel chromatography using 5% CH^OH in CHjClj to 

15 yield 42 mg of product. TLC: Rf « 0.32 (5% CH3OH in 
CMjClj) . HPLC: Rt - 13.27 min. (^H) -NMR {C3)Cl3) 
consistent with structure. 

pxgittpj,? 92 

Compound 92. To a solution of 63.5 mg of the 
20 resultant compound of Example 17B, diastereomer B in 
1 mL of THF was added sequentially, 52 of 
diisopropylethylamine and a solution of 43.3 mg of the 
resultant compoxind of Exanple 85A in 1 mL of THF. The 
mixture was stirred for 24 hours and then concentrated 
25 in vacuo. The residue was diluted with 60 mL of 

CH2Cl2f washed with 5% sodium bicarbonate and brine, 
dried over magnesium sulfate, filtered and concentrated 
in vacuo to yield 70.7 mg of crude product. The 
residue was purified by preparative reversed -phase C^8 
30 HPLC using a linear gradient of 30% to 100% CHgCN/HjO 
with 0.1% TFA as eluant to obtain 43.9 mg of the title 
compound. TLC: Rf = 0.29, 100% EtOAc. HPLC: Rt « 
13.24 min; (^H) NMR (CDCI3) consistent with structure. 
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0.1% TFA as eluant on a portion of the crude mixture, 
4.2 mg o£ the title conpound was obtained as a white 
solid. TLC: Rf « 0.2, 4% MeOH/CHjClj. HPLC: Rt » 
11.53 min; (^H)-NMR (CDCI3) consistent with structure. 

5 Bxainple 10? 

Compound 102. A solution of 36 mg of the 
resultant confound of Rvample 40A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of methyl 

10 chloroformate and 22 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo. The 

15 residue was purified by low pressure silica gel 

chromatography using 30% diethyl ether in CH2CI2 as 
eluent to provide 27 mg of the title product as a white 
solid. TLC: Rf - 0.10 (30% diethyl ether in CHjClj) . 
HPLC: Rt « 13.49 min. (^H) -NMR (CDCI3) consistent with 

20 structure. 

E3cample 103 

Compound 103. A solution of 29 mg of the 
resultant compound of Bxaitple 8 IB in CH^Cl^ was treated 
sequentially, at ambient temperature under an 

25 atmosphere of nitrogen, with 6 mg of methyl 

chloroformate and 17 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

30 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CHjCl^ as eluent 
to provide 29 mg of the title product as a white solid. 
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solid. TLC: Rf « 0.38 (ethyl acetate). HPLC: Rt = 
13.09 min. (^H) -NMR (CDCI3) consistent with structure. 

Example 95 

Compound 95. To a solution of 72.0 mg (0.189 
5 mmol) of the resultant conpoimd of Example 5 ID in 
CH2CI2 (4 xnL) was added aqueous sodioun bicarbonate 
(1 mL) , solid sodium bicarbonate 19.1 mg (0,227 mmol) , 
and 2,3-dichlorothiophenesulfonyl chloride 57.1 mg, 
(0.227 mmol). After 14 h, the resxilting mixture was 

10 diluted with EtOAc, washed with saturated brine, dried 
over magnesium sulfate, filtered and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel column chromatography using 5 to 12% 
EtOAc/CH2Cl2 eluent to provide 49.1 mg of the title 

15 product. TLC: Rf - 0.62 25% EtOAc/CH2Cl2, HPLC: Rt = 
17.3 min; (^H)-NMR (CDCI3) consistent with structure. 

Example 96 

A. (4-Acetamido) -phenylmethyl-4-nitrophenyl - 
carbonate. To a solution of 242.8 mg of p-nitrophenyl 

20 chloroformate in 5 mL of acetonitrile at O^C was added 
sequentially, 165.2 mg of 4-acetamidobenzyl alcohol and 
0.13 mL of 4 -methyl morpholine. The mixture was 
stirred for 24 hours and concentrated in vacuo. The 
residue was taken up in CH2CI2 and washed with 5% 

25 sodiimi bicarbonate and brine, dried over magnesium 

sulfate, filtered and concentrated in vacuo to yield 
320 mg of the title coitqpound. TLC: Rf » 0.23, 50% 
EtOAc/hexcme . 

B. Confound 96. To solution of the resultant 
30 compound of Exanple 40A in 1 mL of THF was added 

sequentially, 56 fih of diisopropylethylamine and 63 mg 
of the resultctnt contpoimd of Exaitple 96A. The mixture 
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saturated NaCl then dried csver MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by 
preparative thin layer silica gel chromatography using 
ethyl acetate as eluent to yield 18 xng of the title 
product as a white solid. TLC: Rf - 0.67 (ethyl 
acetate). HPLC: Rt - 14.97 min. (^H) -NMR (CDCI3) 
consistent with structure. 

Coinpoxind 106. A solution of 31 mg of the 
resultant conpoxind of Example 81B in CII^Cl^ was treated 
sequentially, at ainbient teznperature iinder an 
atmosphere of nitrogen, with 0.04 xnL of the resultant 
conpound of Example 105A and 18 mg N,N- 
diisopropylethylamine. The mixture was stirred for 3 h 
and then concentrated* in vacuo. The residue was taken 
up in ethyl acetate cuid washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
ether/CH-jClj as eluent to provide 19 mg of the title 
product as a white solid. TLC: Rf « 0.34 (5% diethyl 
ether/CHjClj) . HPLC: Rt « 18.24 min. (^H) -NMR (CDCI3) 
consistent with structure. 

Example 107 

Confound 107. A solution of 28 mg of the 
resultant confound of Exazrple 35A in CH2CI2 was treated 
sequentially, at ambient tenperature tinder an 
atmosphere of nitrogen, with 0.05 mL of the resultant 
compoxmd of Exaicple 105A and 19 mg N,N- 
diisopropylethylamine. The mixture was stirred for 3 h 
and then concentrated in vacuo. The residue was taken 
up in ethyl acetate suid washed with 0.5 N HCl and 
saturated NaCl then dried over MgSO^, filtered, and 
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a white solid. TLC: Rf = 0*19, 5 methanol/CH2Cl2. 
HPLC: Rt o 13.28 min; 13.28 min. (^H) -NMR (CDClg) 
consistent with structure. 

5 Cozzpoiindl 99. A solution of 75 mg of the 

resultant coznpound of Bxanple 51D and 45 mg of 4- 
chlorobenzenesulfonyl chloride were reacted in the 
manner described in Example 60. After worlcup and 
purification by preparative reversed- phase C^q HPLC 
10 using a linear gradient of 35% to 100% CHgCN/EjO with 
0.1% TFA as eluantr 24.6 mg of the title confound was 
obtained. TLC: Rf - 0.3, 4% MeOH/CHjClj. HPLC: Rt = 
15.87 min; (^H) -NMR (CDCI3) consistent with structure. 

Example IQQ 

15 Coxtpound 100. A solution of 40 mg of the 

resultant compoimd of Exasiple 5 ID and 45 mg of 4- 
methoxybenzenesulf onyl chloride were reacted in the 
manner described in Example 60. After wor}cup and 
purification by preparative reversed -phase C-13 HPLC 

20 using a linear gradient of 35% to 100% CH3CN/H2O with 
0.1% TFA as eluant, 21.4 mg of the title compound was 
obtained as a white solid. TLC: Rf 0.2, 4% 
MeOH/CHjClj. HPLC: Rt = 14.85 min; (^H)-NMR (CDCI3) 
consistent with structure. 

25 Example 101 

Conpoxind 101. This confound was prepared 
from the resultamt conpound of Exanple 128 by treatment 
with hydrogen chloride gas and subsequent reaction with 
the resultant conpound of Exanple 48A in the manner 
30 described in Exairqple 132. After wor]cup and 

purification by preparative reversed -phase C^q HPLC 
using a linear gradient of 35% to 100% CHoCN/H«0 with 
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B. (S) •4-Hydroxymethyl-oxazlidin-2-one. To a 
solution of 3.26 g of the resultcuit coznpound of Example 
109A in 20 mL of ethanol at O^C was added 0.85 g of 
sodium borohydride in small portions. The ice bath was 

5 removed and after additional 3 hours, 20 mL of 2.0 N 
hydrogen chloride was added to the mixture, which was 
then concentrated to yield an oil. The residue was 
extracted with BtOAc and the organic solution was dried 
over magnesium sulfate, filtered and concentrated to 
10 yield 2. SO g of the title coit5>ound. {hi) NMR {CDCI3) : 
6 - 2.48 (s, IH), 3.69 (dd, IH) , 4.08 (m, IH) , 4.31 
(t, IH), 4.57 (t, IH). 

C. 4-Nitrophenyl- ( (S) -4-oxazlidin-2-onyl) -methyl 
CcLTbonate. To a solution of 1.04 g of p-nitrophenyl 

15 chloroformate in 20 mL of CH^Cl^ at 0**C was added 
sequentially, 0.5 g of the resultant conpound of 
Example 109B and 0.6 mL of 4 -methyl morpholine. The 
mixture was stirred for 2 hours at ambient teii5>erature 
and then concentrated in vacuo. The residue was 

20 purified by low pressure silica gel colvunn 

chromatography using 20% EtOAc in CH^Cl^ eluent to yield 
0.57 g of the title compound. TLC: Rf = O.IO, 50% 
EtOAc/hexcine . 

D. Compound 109. To a solution of 60 mg of the 

25 resultant conpotind of Exeuiple 35A in 1 mL of THF was 

added sequentially, 56 of diisopropylethylamine and 
a solution of 51.1 mg of the resultant con?)otind of 
Example 109C in 1 mL acetonitrile . The mixture was 
stirred for 24 hours and then concentrated in vacuo. 

30 The residue was purified by preparative thin layer 
chromatography using 5% methanol/CH^Cl^ as eluent to 
yield 60.4 mg of the title compound. TLC: Rf = 0.38, 
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TLC: Rf « 0.24 (5% diethyl ether in CHjCl^) . HPLC: Rt = 
17.07 min. (^H) -NMR (CDCI3) consistent with structure. 

EacaitiDle 104 

CoDcpoutnd 104. A solution of 31 mg of the 
5 resultant con^)ound of Exanple 35A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 8 mg of methyl 
chloroformate and 21 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 

10 in vacuo. The residue was taken up in ethyl acetate 

cmd washed with 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressxire silica gel 
chromatography using 5* diethyl ether/CH^Clj as eluent 

15 to provide 24 mg of the title product as a white solid. 

TLC: Rf »= 0.23 (5* diethyl ether in CH^Clj) . HPLC: Rt =~ 
15.41 min. (^H)-NMR (CDCI3) consistent with structure. 

B3camDle 105 

A. N-hydroxysuccinimidyl methallyl carbonate. To a 
20 solution of 2.9 mL of 1.93 M phosgene in toluene at 
-10**C was added 857 mg of methallyl alcohol. The 
mixture was stirred for 2 h at -10®C to produce a 1.9 M 
solution of the title coitqpound which was used directly 
in subsequent reactions. 

25 B. Compound 105. A solution of 39 mg of the 

resultant compound of Exan^jle 40A in CH^Clj was treated 
sequentially, at ambient teirperature under an 
atmosphere of nitrogen, with 0.05 mL of the resultant 
compound of Example 105A and 24 mg N,N- 

30 diisopropylethylamine. The mixture was stirred for 3 h 
and then concentrated in vacuo. The residue was taken 
up in ethyl acetate and washed with 0.5 N HCl and 
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A. Conpoxind ZXII (A « tert-butoxjrcaxbonyl, D' = 
isobutyl, E « 3 - siilf onami dophenyl ) , To a solution o£ 
96.6 mg (0.287 mmol) of the resultant conpoxind of 

5 Example 39A in CH^Cl^ (4 xnL) was added aqueous sodium 
bicarbonate (1 mL) , solid sodium bicarbonate 36.2 mg 
(0.431 mmol) , and m- benzene disiilfonylchloride 86.9 mg, 
(1.08 mmol) . After stirring for 1 30% ammoniiim 
hydroxide (10 mL) was added. After 14 h the resulting 

10 mixture was diluted with CH^Cl^f washed with saturated 
brine I dried over xnagnesitam sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
flash chromatography using 0% to 10% methanol /CH^Cl^ 
eluent to provide 49.3 mg of the title product. 

15 (^H)-NMR (CDCI3) consistent with structure. 

B. Coitpoxind XXII (A - H, D* « isobutyl, E « 3- 
sulfonamidophenyl, hydrochloride salt) . A solution of 
49.3 mg (0.089 mmol) of the resultant conqpound of 
Exanple 112A in EtOAc (10 mL) at -20^C was treated with 

20 anhydrous HCl gas for 10 min. The ice bath was removed 
cuid after an additional 15 min., the reaction mixture 
was sparged with nitrogen then concentrated in vacuo to 
provide 53.1 mg of title product as the HCl salt. 
(^H) -NMR (CDCI3) consistent with structure. 

25 C. Conqpound 112. To a solution of 53.1 mg of the 
resultant coxnpoimd of Bxanple 112B (0.089 mmol) in 
CH^Cl^ (3 mL) was treated sequentially at ambient 
temperature under an atmosphere of nitrogen, with 0.031 
mL (0.177 mmol) diisopropylethylamine and 24.3 mg 

30 (0.106 mmol) of the resultant compound of Example 48A. 
The mixture was stirred 16 h and then concentrated 
in vacuo. The residue was teJcen up in CH^Cl^ and washed 
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concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
ether in CH^Clj as eluent to provide 18 mg of the title 
product as a white solid. TLC: Rf - 0.25 (5% diethyl 
5 ether in CH^Clj) . HPLC: Rt - 16.68 min. (^H) -NMR 
(CDCI3) consistent with structure. 

Confound 108. To a solution of 62.5 mg of 
124B in 1 xnL of THF was added sequentially 56 fih of 

10 diisopropylethylamine and a solution of 49.6 mg of the 
resultemt compoiind of Exanple 82A in 1 mL THF. The 
mixture was stirred for 24 hours and then concentrated 
in vacuo. The residue was purified by preparative thin 
layer chromatography using 50% EtOAc/CHjClj as eluent 

15 followed by preparative reversed -phase C18 HPLC using a 
linear gradient of 30% to 100% OLjCN/H^O with 0.1% TFA 
as eluant on a portion of the crude mixture, 4.2- mg of 
the title compound was obtained as a white solid. TLC: 
Rf o 0.16, 10% methanol/CHjCl^. HPLC: Rt = 13.67 min. 

20 (^H) NMR (CDCI3) consistent with structure. 

Example 109 

A. (S) -4-Methoxycarbonyl-oxa2lidin-2-one. To a 
solution of 4.88 g of serine methyl ester hydrochloride 
in 25 mL of water was added 6.94 g of potassium 

25 carbonate. The mixture was cooled to O^'C and 19.5 mL 
of phosgene was added dropwise. After stirring at 0*=»C 
for 3 hours, water was removed to yield a white solid 
with was washed with copious of CHjClj. The organic 
solution was then dried over magnesium sulfate, 

30 filtered and concentrated to yield 3.26 g of the title 
product as a clear oil. (^H) NMR (D^O) : 6 = 3.82 
(s, 3H), 4.43 (dd, 1H>, 4.53 (dd, Ih) , 4.67 (t, IH) , 
6.29 (s, IH) . 
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in vacuo. The residue was purified by flash 
chrcamatography using 1% to 15% EtQAc/CH2Cl2 • 

C. Conpound XXII (A « H, D' « isobutyl, E « 3-furyl, 
hydrochloride salt). A solution of 217.3 mg (0.581 

5 xnmol) of the resultant coicpound of Example 113B in 

EtOAc (15 xnL) at -20®C was treated with anhydrous HCl 
gas for 10 min. The ice bath was removed cuid after an 
additional 15 min. the reaction mixture was sparged 
with nitrogen then concentrated in vacuo to provide 228 
10 mg of title product as the HCl salt. TLC: Rf » 0.52 
10% methanol/CHjCl^. 

D. Compound 113. To a solution of 65.3 mg of the 
resultant compound of Example 113C (0.162 mmol) in 
CH^Cl^ (3 mL) was treated sequentially at ambient 

15 temperature under an atmosphere of nitrogen, with 0.056 
mL (0.324 mmol) diisopropylethylamine and 44.6 mg 
(0.194 mmol) of the resultcuit coziqpound of Example 48A. 
The mixture was stirred 16 h cind then concentrated 
in vacuo. The residue was tedcen up in CSI^Cl^ cuid washed 

20 with saturated brine, dried over magnesium sulfate, 

filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel coltimn 
chromatography using a gradient 3% to 20% EtOAc in 
CHjClj eluent to yield 10.8 mg of the title product. 

25 TLC: Rf - 0.6, 25% EtOAc/CH^Clj. HPLC: Rt = 13.9 min? 
(^H) NMR (CDCI3) consistent with structure. 

Example 114 

A. Aminomethylcyclopentane. To a solution of LiAlH^ 
(38 g, 1.0 mole) in diethyl ether (2 L) was added 
30 cyclopentanecarbonitrile (73.2 g, 0.77 mol) as a 

solution in 250 mL ether. The solution was stirred 
overnight at ambient temperature and then quenched by 
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5% methanol/CHjClj. HPLC: Rt « 14.11 min. (^H) NMR 
(CDCI3) consistent with structure. 

ftgmpAe HQ 

Compound 110. To a solution of 60 mg of the 
5 resultant cospound of Example 40A in 1 xnL of 
acetonitrile was added sequentially, 51 fiL of 
diisopropylethylainine and a solution of 46.8 mg of the 
resultant compound of Bxas^le 109C in 1 mL 
acetonitrile. The mixture was stirred for 48 hours and 

10 then concentrated in vacuo. The residue was purified 
by preparative thin layer chromatography using 10% 
methanol/CHjCl^ eluent followed by preparative reversed- 
phase C18 HPLC using a linear gradient of 30% to 100% 
CH3CN/H2O with 0.1% TFA as eluant to yield 16 mg of the 

15 title conqpound. TLC: Rf « 0-28, 50% EtOAc/CHjCl^ . 

HPLC: Rt « 12.47 min. (^H) NMR (CDCI3) consistent with 
structure . 

PxaatpJ,? Ill 

A solution of 0.067 mmol of the resultant 
20 compound of Exaii5)le 114D in 5 mL of tetrahydrofuran was 
added 20 /iL of diisopropylethylamine followed dropwise 
by a solution of the resultant conpound of Exanqple 82A 
in 5 -mL of tetrahydrofuran during one hour. The 
mixture was stirred 16 h and then concentrated 
25 in vacuo. The crude residue was purified by thick 

layer silica gel chromatography using 5% MeOH/CHjClj as 
eluant to obtain 21.8 mg of the title compound. TLC: 
Rf « 0,45, 5% MeOH/CHjClj; (^H) -NMR (CDCI3) consistent 
with structure. 
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pressxire liquid chromatography using CHjCl^, followed by 
0.5:99.5 methanol/CH^Clj, followed by a 1:99 
methanol/CHjClj solution as the solvent system to give 
120 mg (42% yield) of the title confound as a white 
5 solid. TLC: Rf « 0.48 (3:97 methanol/CHjClj) ; HPLC: Rt 
» 18.22 min, (%) -NMl (CDCI3) consistent with structure. 

D. Conpound XXII (A - H, D' « cyclopentylmethyl , E - 
4-fluorophenyl, hydrochloride salt) . A solution of 266 
mg of the resultant conpoimd of Exanqple 114C in ethyl 

10 acetate was treated at -20^C with HCl gas for 20 min, 
during which time the temperature was allowed to warm 
to 20 ^C. Nitrogen was then bubbled through the mixture 
for 15 min cuid the solvent removed in vacuo to yield 
224 mg of white solid which was used directly for 

15 ensuing reaction. 

E. Compoxind 114. A solution of 31 m$ of the 
resultant conipotmd of Example 114D in CH^Cl^ was treated 
sequentially, at ambient temperature, under an 
atmosphere of nitrogen, with 9 mg of allyl 

20 chloroformate and 19 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was tciken up in ethyl acetate 
and washed in 0.5 N HCl and saturated NaCl then dried 
over MgSO^, filtered, and concentrated in vacuo to 

25 yield 34 mg of the title product as a white solid. 

TLC: Rf » 0.34 (5* diethyl ether in CHjClj) . HPLC: Rt = 
17.21 min. (^H) -NMR (CDCI3) consistent with structure. 

Example 115 

Compound 115. A solution of 31 mg of the 
30 resultsmt con^Dound of Exaicple 114B in CHjCl^ was treated 
sequentially, at ambient tenqperature under an 
atmosphere of nitrogen, with 8 mg of ethyl 
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with saturated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using a gradient 5% to 20% EtOAc in 
5 CH^Clj as eluent to yield 10.8 mg of the title product. 

TLC: RF = 0.4 25% EtOAc in CHjCl^. HPLC: Rt = 13.3 min; 
(^H) NMR (CDCI3) consistent with structure. 

Bxwnplg 113 

A. 3-Furansulfonyl chloride. In flame dried 

10 glassware under a nitrogen atmosphere to a solution of 
428 mg (2.909 mmol) of 3 bromofuran in anhydrous 
tetrahydrofuran at -78^C was added 2.0 mL n*butyl 
lithium (3.2 mmol at 1.6 molar in hexane) • After 45 
minutes the resultcuit solution was added via cannula to 

15 a 20®C solution of sulfuryl chloride in diethyl ether 
(5 mL plus a 2 mL rinse) . After 1 h, the reaction was 
quenched with 0.5 N hydrochloric acid and extraced into 
diethyl ether. The ethereal extracts were washed with 
saturated brine, dried over magnesixim sulfate, filtered 

20 and concentrated in vacuo to provide 158 mg of the 
title product. (^H) NMR (CDCI3) consistent with 
structure . 

B. Conpound XXII (A = tert-butoxycarbonyl, D* = 
isobutyl, E «= 3-furyl) . To a solution of 289.7 mg 

25 (0.861 mmol) of the resultant compound of Example 39A 

in CH2CI2 (8 mL) was added aqueous sodium bicarbonate (2 
mL) , solid sodium bicarbonate 108 mg (1,292 mmol), and 
the resultant product from Exair^le 113A 157.8 mg, (1.08 
mmol) . After stirring for 1 h 30% ammonium hydroxide 

30 (10 mL) was added. After 14 h, the resulting mixture 
was diluted with CH^Clj, washed with saturated brine, 
dried over magnesium sulfate, filtered and concentrated 
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0.62 g of the title catapaxmd. TLC: Rf « 0.71, 40% 
EtOAc/CHjClj. HPLC: Rt • 16.88 min. (^H) NMR (CDCI3) 
consistent with structiire. 

g^gamnle 117 

5 Con?)oxind 117. A solution of 66.1 mg of the 

resultcuit cosnpound of Example 116B in 1 mL of THF was 
treated sequentially with 56 fiL of 
diisopropylethylamine and 19.3 fih of allyl 
chloroforxnate. The mixture was stirred for 4 hours and 

10 concentrated in vacuo. The residue was taken into 50 

mL of EtOAc and washed with 1.0 N HCl, saturated sodixam 
bicarbonate, brine, dried over magnesium sulfate, 
filtered and concentrated. The residue was purified by 
low pressure silica gel colximn chromatography using 20% 

15 EtOAc in hexane eluent to yield 69.7 mg of the title 
conpound. TLC: Rf « 0.20, 20% BtOAc/hexane . HPLC: 
Rt - 17.83 min. (^H) NMR (CDCI3) consistent with 
structure . . 

20 Compound 118. To a solution of 65.3 mg of 

the resultant conpound of Exan?)le 116B in 1 mL of THF 
was added sequentially 55 fih of diisopropylethylamine 
and a solution of 49.2 mg of the resultant coir5)ound of 
Exan5)le 82A in 1 mL THF. The mixture was stirred for 

25 24 hours and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using 40% EtOAc in CHjCl^ as eluent 
followed by preparative reversed -phase C^^g HPLC using a 
linear gradient of 40% to 80% CHgCN/HjO for elution to 

30 yield 70.7 mg of the title conpound. TLC: Rf « 0,27, 
40% EtOAc/CHjClj. HPLC: Rt = 14.85 min. (^H) NMR 
(CDCl.) consistent with structure. 
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addition of the organics to 3 L of a saturated 
potassi\un, sodium tartrate solution. The amine was 
extracted into 3 L of ether, dried over anhydrous K^COg 
then concentrated by distillation to approximately 400 
5 mL total voliome. The crude product was purified via 

distillation to give 58.2 g of the title compound as a 
colorless oil. (^H) -HMR (CDCI3) consistent with 
structure. 

B. Compound XXI (A « tert-butoxycarbonyl, D' = 

10 cyclopentylmethyl. A' « H) . To the resultant con?5ound 
of Exan^le 114A (20 g, 0.2 mol) was added compound XX 
(A « Boc) (5.84 g) and the mixture was stirred for 24 h 
at ambient tenperature . The solution was concentrated 
by distillation under reduced pressure. The residue 

15 was triturated with hexane and the solid collected by 
suction filtration and washed with hexane to give 7.08 
g of a white solid which was used without further 
purification. TLC: Rf = 0.59 (1:10:90 concentrated 
NH^OH/methanol/CHjClj) , (^H) -NMR (CDCI3) consistent with 

20 structure. 

C. Compound XXII (A « tert-butoxycarbonyl, D» = 
cyclopentylmethyl, E « 4-fluorophenyl) , To a solution 
of the resultcuit compound of Exair5)le 114B (200 mg, 0.55 
mmol) in CH^Cl^ (10 mL) was added 4- 

25 fluorobenzenesulfonyl chloride (210 mg, 1.1 mmol) 

followed by the addition of a saturated solution of 
sodiiim bicarbonate (3 mL) followed by addition of solid 
sodium bicarbonate (0.1 g, 1.2 jranol) . The mixture was 
allowed to stir at ambient tertqperature overnight. The 

30 solution was diluted with 100 mL CHjClj, the organics 

separated, dried over anhydrous MgSO^, and the organics 
concentrated under reduced pressure to obtain 0.33 g of 
crude product. This material was purified via medixun 
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Example 121 

Conqpoxind 121. A solution of 26 mg of the 
resultant compound of Exanqple 35A in CH^Clj was treated 
sequentially, at ambient temperature under an 
5 atmosphere of nitrogen, with 7 mg of ethyl 

chloroformate and 17 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

10 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CHjClj as eluent 
to provide 22 mg of the title product as a white solid. 
TLC: Rf » 0.14 (5% diethyl ether/GH^Cl^) . HPLC: Rt = 

15 15.95 min. (^) -KMR (CDCI3) consistent with structure. 

E3cairtDle 122 

Compoimd 122. A solution of 27 mg of the 
resultant compound of Exait5)le 35A in CH^Cl^ was treated 
sequentially, at ainbient tenqperature under an 

20 atmosphere of nitrogen, with 8 mg of allyl 

chloroformate and 18 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 

25 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether in CHjClj as 
eluent to provide 23 mg of the title product as a white 
solid. TLC: Rf = 0.33, 5% diethyl ether in CHjClj. 

30 HPLC: Rt » 16.28 min. (^H) -NMR (CDCI3) consistent with 
structure . 



wo 94/05639 



PCr/US93/08458 



- 188 - 

chlorof ormate and 19 xng N,N-diisopropylethylainine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was tcdcen up in ethyl acetate 
and washed with 0.5 N HCl and saturated NaCl then dried 
5 over MgSO^, filtered, and concentrated in vacuo to 
yield 35 mg of the title product as a white solid. 
TLC: Rf - 0-32 (5% diethyl ether/CHjCl^) . HPLC: Rt = 
16.86 min. (^H) -MMR (CDCI3) consistent with structure. 

10 A. Compound XXII (A « tert-butoaqrcarbonyl, D» = 

cyclopentylmethyl, E « 4-chlorophenyl) . The resultant 
confound of Bxanple 114B (252 mg) was reacted with 4- 
chlorobenzenesulfonyl chloride (175 mg) in the manner 
described in Example 166A. Workup and purification by 

15 silica gel chromatography using EtOAc/CSIjClj as eluant 
yielded the product as a white solid; (^H) NMR (CHJClj) 
consistent with structure. 

B. Conqpound XXII (A « H, D' = cyclopentylmethyl , E = 
4-chlorophenyl, hydrochloride salt) . A solution of 320 
20 mg of the resultant compound of Example 116A in 20 mL 
of EtOAc was treated with anhydrous HCl gas for 5 min. 
The reaction mixture was sparged with nitrogen then 
concentrated in vacuo to yeld a white solid which was 
used directly for subsequent reaction. 

25 C. Conqpound 116. To a solution of 63.4 mg of the 

resultant compoxind of Exanple 116B in 1 mL of THF was 
added sequentially 54 of diisopropylethylamine and a 
solution of 39.9 mg of the resultant coir?50und of 
Exaxtiple 48A in 1 mL THF. The mixture was stirred for 

30 24 hours and then concentrated in vacuo. The residue 
was purified by low pressure silica gel column 
chromatography using 20% EtOAc in CH^Cl, eluent to yield 
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purified by low pressure silica gel coliunn 
chromatography using a gradient 10% to 25% diethyl 
ether in GH^Clj cluent to yield 57.6 mg of the title 
product. TLC: Rf « 0.39, 25% diethyl ether/CH^Clj . 
5 HPLC: Rt - 14.3 min; (^H) NMR (CDCI3) consistent with 
structure . 

Eaeample 124 

A. Conpound XXII (A - tert-but03Qrceu:bonyl, D» « 
isobutyl, E = 3,4 difluorophenyl) . To a solution of 

10 332.7 mg (0.989 mmol) of the resultant conpound of 

Exan^le 39A in CH^Cl^ (12 mL) was added aqueous sodium 
bicarbonate (3 mL) , solid sodium bicarbonate 125 mg 
(1.483 mmol), emd 3,4 difluorobenzensulf onyl chloride 
231 mg. (1.088 mmol). After 14 h, the resulting 

15 mixture was diluted With CE^Cl^, washed with saturated 
brine, dried over magnesiiim sulfate, filtered and 
concentrated in vacuo. The residue was purified by 
flash chromatography using 5% to 25% diethyl 
ether/ CHjClj eluent to provide 313.6 mg of the title 

20 product. (^H)-NMR (CDCI3) consistent with structure. 

B. Conpound XXII (A - H, D' « isobutyl, E « 3,4 
difluorophenyl, hydrochloride salt) . A solution of 
312.6 mg (0.610 mmol) of the resultant compound of 
Example 124A in EtOAc (15 mL) at -20*C was treated with 

25 anhydrous HCl gas for 10 min. The ice bath was removed 
and after an additional 15 min., the reaction mixture 
was sparged with nitrogen then concentrated in vacuo to 
provide 280 mg of title product as a white solid. TLC: 
Rf - 0.46, 10% methanol/CSjClj . 

30 C. Coxi5)ound 124. To a solution of 64.7 mg of the 
resultant con^jound of Exanple 124B (0.144 mmol) in 
CHjClj (3 mL) was treated sequentially at ambient 
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B^cample 119 

Conpouiid 119. A solution of 26 mg of the 
resultant coii5)ound of Bxairple 8 IB in CHjClj was treated 
sequentially, at ambient temperature under an 
5 atmosphere of nitrogen, with 6 mg of ethyl 

chlorof ormate and 15 mg N,N-diisopropylethylamine, The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in ethyl acetage 
and washed with 0.5 N HCl and saturated NaCl then dried 

10 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CH^Cl^ as eluent 
to provide 26 mg of the title product as a white solid. 
TLC: Rf = 0.19 (5* diethyl ether in CHjCl^) . HPLC: Rt = 

15 17.50 min. (^) -NMR (C3)Cl3) consistent with structure. 

gxample 120 

Con^oimd 120. A solution of 30 mg of the 
resultant cozxcpound of Exan^le 40A in CH^Cl^ was treated 
sequentially, at ambient temperature under an 

20 atmosphere of nitrogen, with 8 mg of ethyl 

chlorof ormate and 18 mg N,N-diisopropylethylamine. The 
mixture was stirred for 3 h and then concentrated 
in vacuo. The residue was taken up in -ethyl acetage 
and washed with 0.5 N HCl and saturated NaCl then dried 

25 over MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by preparative thin layer silica 
gel chromatography using ethyl acetate as eluent to 
yield 25 mg of the title product as a white solid. 
TLC: Rf = 0.60 (ethyl acetate). HPLC: Rt = 13.86 min. 

30 (^H) -NMR (CDCI3) consistent with structure. 
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B. Confound 126. To a solution of the product of 
Bxairple 126A (0.15 g, 0.51 mmol) in CH^Cl^ (10 xnL) was 
added a saturated solution of sodium bicarbonate (3 
xnL) , followed by addition of solid sodiiun bicarbonate 
5 (90 xng, 1.1 mmol) , followed by addition of 3,4- 

dichlorobenzenesulfonyl chloride (0.25 g, 1.0 mmol). 
The mixture was stirred at axnbient tenperature 
overnight. The organics were extracted into 100 mL 
CHjClj, dried over anhydrous, MgSO^, concentrated xinder 

10 reduced pressure then purified via medium pressure 

silica gel chromatography using a gradient system of 
CHjClj followed by 5:95 ether/CHjClj . The title 
cozipound was obtained as a colorless foam 210 mg. TLC: 
Rf - 0.42 (3:97 methanol /CH^Cl^ ) , HPLC: Rt = 17.2 min; 

15 (^H) -NMR (CDCI3) consistent with structure. 

Example 127 

Compound 127. To a solution of the product 
of Exait?)le 126A (0.15 g, 0.51 mmol) in CH^Clj (10 mL) 
was added a saturated solution of soditim bicarbonate (3 

20 mL) , followed by addition of solid sodixim bicarbonate 
(100 mg, 1.0 mmol), followed by addition of 4- 
fluorobenzenesulfonyl chloride (0.20 g, 1.0 mmol). The 
mixture was stirred at anibient temperature overnight. 
The organics were extracted into 100 mL CHjCl^, dried 

25 over cuahydrous, MgSO^, concentrated under reduced 

pressure then purified via mediuim pressure silica gel 
chromatography using a gradient system of caijClj 
followed by 5:95 ether/CH^Clj . The title compound was 
obtained as a white solid 104 mg. TLC: Rf = 0.36, 3:97 

30 methanol/CHjClj, HPLC: Rt - 15.86 min; (^H) -NMR (CDCI3) 
consistent with structure. 
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A. Conpound XXII (A - tert-butoxycarbonyl, D» = 
isobutyl, E « 3,4-diinethoxyphenyl) . To a solution of 
401 mg (1.192 inmol) o£ the resultant confound o£ 
5 Example 39A in CH^Cl^ (12 xnL) was added aqueous sodium 
bicarbonate (3 mL) , solid sodiiun bicarbonate 130 mg 
(1.549 mmol) , and 3| 4-dimetho3cybenzenesulf onyl 
chloride 33.8 mg, (1.43 mmol) . After 14 h, the 
resulting mixttire vas diluted with EtOAc, washed with 
10 saturated brine, dried over magnesium sulfate, filtered 
and concentrated in vacuo. The residue was purified by 
flash chromatography using 5% to 25% EtOAc/CH^Cl^ eluent 
to provide 440.1 mg of the title product. TLC: Rf = 
0.72, 20% BtOAc/CH^Cl^. 

15 B. Conpound XXII (A » H, D' » isobutyl, E « 3,4- 

dimethoxyphenyl, hydrochloride salt) . A solution of 
440 mg (0.820 mmol) of the resultant compound of 
Example 123A in EtOAc (15 mL) at -20**C was treated with 
anhydrous HCl gas for 10 min. The ice bath was removed 

20 and after an. additional 15 min. the reaction mixture 

was sparged with nitrogen then concentrated in vacuo to 
provide 610 mg of title product as the HCl salt. TLC: 
Rf « 0.44, 10% methanol/CHjClj. 

C. Conqpound 123. A solution of 38.9 mg of the 
25 resultant conpound of Example 123B (0.170 mmol) in 
CH^Cl^ (3 mL) was treated sequentially at ambient 
temperature under an atmosphere of nitrogen with 0.049 
mL (0.283 mmol) diisopropylethylamine and 66.9 mg 
(169.6 mmol) of the resultant conpound of Example 48A. 
30 The mixture was stirred for 16 h and then concentrated 
in vacuo. The residue was taken up in CHjCl^ and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was 
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bicarbonate (3 mL) and solid sodium bicarbonate (0.1 g, 
1.2 mmol) . The mixture was stirred at ambient 
temperature overnight. The solution was diluted with 
100 mL CH^Cl^f the organics separated, dried over 
5 anhydrous MgSO^, and the organics concentrated under 
reduced pressxxre. The crude product was purified via 
medium pressure liquid chromatography using a gradient 
solvent system of CH^Cl^ followed by 5:95 ether/CH^Cl^ 
followed by a 10:90 ether/ CH^Cl^ solution to give 130 mg 
10 of the title confound as a white solid. TLC: Rf = 
0.35, 3:97 methanol /CH^Clg # HPLC: Rt * 16.37 min, 
(^H)*NMR {CDCI3) consistent with stinicture. 

Example 130 

A. Compound XXI (A - tert-butoxycarbonyl, O* - 

15 (isobutenyl. A' ^ h) ) : To a solution confound XX (A « 
tert-butoxycarbonyl) (2.5 mmol) in ethcuiol (30 mL) was 
added a solution '2-methylallylamine hydrochloride (1.34 
g, 12.5 mmol) cmd KOH (0.70 g, 12.5 mmol) in ethanol 
(20 mL) . The mixture stirred 30 min at ambient 

20 tenperature . The solutions were combined and heated to 
85^C for 24 h. The solution was filtered cuid 
concentrated under reduced pressure to give 0.82 g of 
the title compoiind which was used without subsequent 
purification. TLC: Rf « 0.45, 1:10:90 concentrated 

25 NH^OH/methanol/CHjClj . 

B. Conpound 130. To a solution of the product of 
Bxanple 130A (0.20 g, 0.60 mmol) in CH2CI2 (6 mL) was 
added a saturated solution of sodium bicarbonate (3 
mL) , followed by solid sodium bicarbonate (0.1 g, 1.2 

30 mmol) amd then p-fluorobenzenesulf onyl chloride (0.35 
g, 1.78 mmol) . The mixture was stirred at ambient 
tenperature for 24 h. The organics were extracted into 
100 mL CH-Cl*, dried over anhydrous MgS04i concentrated 
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tenperature under an atmosphere of nitrogen, with 0.050 
mL (0.288 xnmol) diisopropylethylamine and 39.6 ing 
(172.9 xnmol) of the resultant compound of Example 48A. 
The mixture was stirred for 16 h and then concentrated 
5 in vacuo. The residue was taken up in CH^Clj and washed 
with saturated brine, dried over magnesiiam sulfate, 
filtered, euid concentrated in vacuo. The residue was 
purified by low pressxire silica gel column 
chromatography using a gradient 5% to 20% diethyl ether 
10 in CHjCl^ eluent to yield 44 mg of the title product- 
TLC: RF - 0.54 25% diethyl ether/CH^Clj . HPLC: Rt - 
15.4 min. (^H) NMR (CDCI3) consistent with structure. 

Compoimd 125. This coznpoiind was prepared 
15 from the resultcmt coonpoiind of Example 146B in the 
manner described in Exanple 88. After workup and 
purification by preparative reversed -phase C^^g HPLC 
using a liner gradient of 35% to 100% CHjCN/HjO with 
0.1% TFA as eluant, 10.5 mg of the title coitrpound was 
20 obtained as a white solid. TLC: Rf » 0.4, 4% 

MeOH/CHjClj. HPLC: Rt = 14.06 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Example 126 

A. Conpound XXI (A = tert-butoxycarbonyl, D* = 
25 methyl. A' = H) . To a solution conqpound XX (1.7 mmol) 
in ethanol (20 mL) was added methylamine gas, at 
ambient temperature, for 30 min. The solution was 
stirred overnight, then concentrated xinder reduced 
pressure to give 0.47 g of the title coir5)ound which was 
30 used without subsequent purification. TLC: Rf « 0.19, 
1:10:90 NH^OH/methanol/CHjClj, (^H) -NMR (CDCI3) 
consistent with structure. 
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siibsequent purification. TLC: Rf « 0.60 (1:10:90 
NH^OH/methanol/CHjClj) . 

B. Compound 132. To a solution of the resultant 
con?)ound of Exanple 132A (16 mg) in CS^Cl^ (5 mL) was 
5 added triethylamine (0.1 xnL, 0.72 mmol) followed by the 
conpound of Bxaxtiple 48A (20 mg, 0.09 mmol). The 
mixture was stirred at ambient tenperature for 24 
hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
10 pressure colum chromatography using 20:80 EtOAc/CHjCl^ 
as the solvent system to give 7.4 mg. Rf « 0.37 (3:97 
methanol/CHjCl^) , HPLC: Rt « 14.19 min, {^H)-NMR (CDCI3) 
consistent with structure. 

15 A. Cortpound XXII (A = tert-butoxycarbonyl, D' = (2- 
tetrahydrofuryl) -methyl, E - 4-acetamidophenyl) . To a 
solution of the resultant conpound of Exanple 129A (200 
mg, 0.55 mmol) in CHjCl^ (6 mL) was added 4- 
acetamidobenzenesulfonyl chloride (380 mg, 1.6 mmol) 

20 followed by a saturated solution of sodium bicarbonate 
(3 mL) and solid sodiimi bicarbonate (0.1 g, 1.2 mmol). 
the mixture was stirred at ambient teii5)erature 
overnight. The solution was diluted with 100 mL CE^Cl^, 
the orgsmics separated, dried over anhydrous. MgSO^, 

25 and the orgamics concentrated under reduced pressure. 
The crude product was purified via medixim pressure 
liquid chromatography using a gradient solvent system 
of CHjClj, followed by 10:90 EtOAc/(3l2Cl2, followed by a 
30:70 EtOAc/CHjClj solution to give 120 mg of the title 

30 conpound as a white solid. TLC: Rf - 0.13, 3:97 
methanol /CHjClj, (^H) -NMR (CDCI3) consistent with 
structure . 
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Example 128 

Confound 128. To a solution of the product 
of Bxainple 126A (0.15 g, 0.51 xnmol) in CH^Cl^ (6 siL) was 
added a saturated solution of sodium bicarbonate (3 
5 mL) , followed by addition of solid sodixizn bicarbonate 
(90 mg, 1.0 mmol) , followed by addition of 
acetamidobenzenesulfonyl chloride (0.24 g, 1.02 mmol) . 
The mixture was stirred at ambient temperature 
overnight. The organ ics were extracted into 100 mL 

10 CHjCl^, dried over anhydrous, MgSO^, concentrated under 
reduced pressure then purified via medium pressure 
silica gel chromatography using a gradient system of 
CHjClj followed by 5:95 EtOAc/CH^Clj, followed by 10:90 
EtQAc/CH^Cl^. The title compound was obtained as 244 mg 

15 of white solid. TLC: Rf - 0.13, 3:97 methanol/CH2Cl2, 
HPLC: Rt « 13.47 min; (^H) -NMR (CDCI3) consistent with 
structure. 

Example 129 

A. Conpound XXI (A = tert-butoxycarbonyl, D' = (2- 
20 tetrahydrofuryl) -methyl. A' = H) . To a solution 

compound XX (3.3 mmol) in ethanol (30 mL) was added 
tetrahydrofurfurylamine (1.03 mL, 10 mmol) . The 
mixture was warmed to 85**C and stirred overnight. The 
solution was filtered and the solution concentrated 
25 under reduced pressure to give 1.29 g of the title 
cozrpound which was used without sxibseguent 
purification. TLC: Rf « 0.52, 1:10:90 
NH^OH/methanol /CHjClj 

B. Compound 129. To a solution of the resultant 

30 compound of Exanple 129A (200 mg, 0.55 mmol) in CHjClj 
(6 mL) was added 4-fluoroben2enesulf onyl chloride (320 
mg, 1.6 mmol) followed a saturated solution of sodium 



wo 94/05639 



PCr/US93/08458 



- 201 - 

B. Ccmipound 134. To a solution of the resultant 
confound of Exaznple 134A in CH^Cl^ (5 znL) was added 
triethylamine (0.1 inL, 0.72 mmol) , followed by the 
confound of Example 48A (26 mg, 0.11 xnmol) . The 
5 mixture was stirred at ambient temperature for 24 

hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure coliimn chromatography using a gradient solvent 
system of CH^Clj, followed by 1:99 methanol/CEjClj* 
10 followed by 3:97 methanol /CHjClj as the solvent system 
to give 10.1 mg of the title coitpoxind. Rf - 0.11 (3:97 
methanol/CHjCl^) , HPLC: Rt = 12.86 min, (^^H) -NMR (CDCI3) 
consistent with structure. 

Exarole 135 

15 A. Conpound XXI (A - H, D' « (isobutenyl, E -= 4- 

f luoropheynl , hydrochloride salt) . To a solution of 
the resultant compound of Bxanple 130B (50 mg, 0.10 
mmol) in EtOAc (5 mL) was added 30% w/w HCl in EtOAc (1 
mL) . The mixture was stirred overnight at ambient 

20 temperature. The solution was concentrated under 

reduced pressure to give the title compound which was 
used without subsequent purification. TLC: Rf = 0.48, 
1:10:90 NH^OH/methanol/CHjClj . 

B. Conpound 135- To a solution of the resultant 
25 compound of Exanple 135A in cni^Cl^ (5 mL) was added 
triethylamine (0.1 mL, 0.72 mmol), followed by the 
compound of Example 48A (35 mg, 0.15 mmol) . The 
mixture was stirred at ambient teit?>erature for 24 
hours. The solution was concentrated under reduced 
30 pressure and the crude product purified via medium 

pressure column chromatography using a gradient solvent 
system of CHjClj followed by 20:80 EtOAc/CHjCl^ as the 
solvent system to give 12 mg. Rf = 0.34, 3:97 
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under reduced pressxire then purified via znediiiin 
pressure silica gel chromatography using a gradient 
system of CH^Clj, followed by 1:99 methanol/CH^Clj . The 
title compound was obtained as a white solid 180 mg. 
TLC: Rf « 0.35, 3:97 methanol /CHjCl^, HPLC: Rt = 16.82 
min; (^H) -NMR (CDCI3) consistent with structure. 

Conqpound 131. To a solution of the resultant 
confound of Exanple 130A (200 mg, 0.60 mmol) in CH2CI2 
(6 mL) was added 4-acetamidobenzenesulf onyl chloride 
(410 mg, 1.76 mmol), followed by a saturated solution 
of sodium bicarbonate 13 mL) and solid sodium 
bicarboziate (0.1 g, 1.2 mmol). The mixture was stirred 
at ambient tenrperature overnight. The solution was 
diluted with 100 mL CH^Cl^f the organics separated, 
dried over anhydrous MgSO^, and the organics 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using a gradient solvent system of CHjClj, followed by 
30:70 EtOAc/CHjClj solution to give 140 mg of the title 
compoxind as a white solid. TLC: Rf = 0.19, 3:97 
methanol/CHjClj/ HPLC: Rt = 15.06 min, (^H) -NMR {CDCI3) 
consistent with structure. 

Example 132 

A. Con^oxind XXII (A = H, D' = (2- tetrahydrofuryl) - 
methyl, E « 4-f luorophenyl, hydrochloride salt). To a 
solution of the resultant compound of Example 129B (30 
mg, 0.057 mmol) in EtOAc (3 mL) was added 30% w/w HCl 
in EtOAc (1 mL) . The mixture was stirred overnight at 
ambient tenrperature. The solution was concentrated 
under reduced pressure to give 16 mg of the title 
compoiind as a white solid which was used without 
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tenqperature. The solution was concentrated under 
reduced pressure to give the title compound, which was 
used without sxibseguent purification. TLC: Rf « 0.48, 
1:10:90 NH^OH/methanol/GH^Cl^ . 

5 D. Conqpound 136. To a solution of the resultant 
cotnpound of Example 13 6C in CH^Cl^ (5 mL) was added 
triethylamine (O.l mL, 0.72 mmol) , followed by the 
resiiltant compound of Bxanple 48A (11 mg, 0.05 mmol) . 
The mixture was stirred at axobient temperature for 24 

10 hours. The solution was concentrated xinder reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of CH^Cl^ followed by 20:80 EtQAc/CH^Cl^ as the 
solvent system to give 4.9 mg. TLC: Rf « 0.28, (3:97 

15 methanol/CHjCl^, HPLC: Rt -14.57 min, (^H) -NMR (CDCI3) 
consistent with structure. 

BiampJlg »7 

A. Conpound XXII (A - tert-butoxycarbonyl, D* « 2- 
furyl, E m 4-acetamidophenyl) . To a solution of the 

20 resultant confound of Example 136B (200 mg, 0.55 mmol) 
in CH^Cl^ (6 mL) was added 4*acetamidobenzenesulf onyl 
chloride (390 mg, 1.7 mmol) followed by saturated 
solution of sodiiim bicarbonate (3 mL) and solid soditim 
bicarbonate (0.1 g, 1.2 mmol). The mixture was stirred 

25 at cunbient temperature overnight. The solution was 
diluted with 100 mL CH^Cl^r the organics separated, 
dried over anhydrous . MgSO^, euid the organics 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 

30 using a gradient solvent system of CH2C1^, followed by 
10:90 EtOAc/CHjClj, followed by a 30:70 EtOAc/CHjClj 
solution to give 100 mg of the title compound as a 
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B. Conpound XXII (A - H, D' » (2-tetrahydrofuryl) - 
methyl, E » 4-acetainidophenyl, hydrochloride salt) . To 
a solution of the resiiltant cospovind of Example 133A 
(120 xng 0.22 mtnol) in EtOAc (5 mL) was added 30% w/w 
5 HCl in EtOAc (2 nL) . The mixture was stirred overnight 
at ambient ten^jerature . The solution was concentrated 
under reduced pressure to give the title caaspound which 
was used without subsequent purification. TLC: Rf = 
0.50, 1:10:90 NH^OH/methanol/CHjClj . 

10 C. Conpound 133. To a solution of the resultant 
caapoxmd of Exanple 133B in CHjCl, (5 mL) was added 
triethylamdlne (0.2 mL, 1.4 mmol) followed by the 
caaipcnmd of Exaii5>le 48A (73 mg, 0.32 mmol) . The 
mixture was stirred at ambient tenperature for 24 

15 hours. The solution was concentrated under reduced 
pressure and the crude product purified via medium 
pressure column chromatography using a gradient solvent 
system of CHjCl,, followed by 1:99 methanol/CHjClj, 
followed by 3:97 methanol/CHjCl^ as the solvent system 

20 to give 87.8 mg. Rf = 0.09, 3:97 methanol /CHjClj , HPLC: 
Rt. = 12.53 min, (j^H) -NMR (CDCI3) consistent with 
structure. 

EJfgmplg X34 

A. Con5)ound XXII (A = H, D' = isobutenyl, E » 4- 
25 acetamidophenyl , hydrochloride salt). To a solution of 
the resultant compound of Example 131 (40 mg 0.075 
mmol) in EtOAc (5 mL) was added 30% w/w HCl in EtOAc (2 
mL) . The mixture was stirred overnight at ambient 
ten?>erature . The solution was concentrated xonder 
30 reduced pressure to give the title compound, which was 
used without subsequent purification. TLC: Rf = 0.38, 
1:10:90 NH^OH/methanol/CHjClj . 
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obtained. TLC: Rf - 0.3, 4% MeOH/CH^Clj, HPLC: Rt - 
15.83 min; {^H)-NMR (CDCI3) consistent with structure. 

Batantple 139 

Cospound 139. To a solution of 67.9 mg of 
5 the resultant can^>ount of Bxantple 116B in 1 mL of THF 
was added sequent icilly, 57 fiL of diisopropylethylamine 
and a solution of 52.6 mg of the res\iltant conpoxmd of 
Exaznple 109C in 1 xnL THF. The mixture was stirred for 
24 hours and concentrated in vacuo. The residue was 
10 purified by preparative thick layer silica gel 

chromatogiraphy using 7% methanol in CHjCl^ eluent to 
yield 70.0 mg of the title cooqpound. TLC: Rf « 0.30, 
5% methanol/CHjClj. HPLC: Rt - 15.78 min; (^H) NMR 
(CDCI3) consistent with structure. 

15 Example 140 

A. 3 (S) -amino-2 (syn) - hydroxy -4 -phenyl -l-chlorobutane 
formate salt. To a slurry of 16.33 g of 10% palladium 
on carbon (25% by weight) in methanol and 
tetrcQiydrofuran (400 mL, ,1:1) was added, under 

20 65.35 g of 3 (S) -N- (-benzylosqrcarbonyl) -amino-l-chloro- 
2 (syn) -hydroxy-4-phenylbutane (195.77 mmol) as a 
solution in methanol and tetrahydrofurcui (1.2 L) . To 
this slurry was added 540 mL of formic acid. After 
15 h, the reaction mixture was filtered through 

25 diatomaceous earth and concentrated to dryness. The 
resultant oil was slurried in toluene and evaporated , 
then triturated sequentially with diethyl ether and 
CHjClj to provide 47.64 g of product as a granular tan 
solid. TLC: Rf « 0.17, 5% acetic acid/ethyl acetate. 

30 B. 3 (S) -N- (3 (S) -tetrahydrofuryloxycarbonyl) -amino-1- 
chloro-2 (syn) -hydroxy-4-phenylbutane. To a solution of 
the resultemt compoxind of Exair5)le 14 OA (1.97 g, 7.95 
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methanol /CHjClj, HPLC: Rt » 14.64 min, (^H) -MMR (CDCI3) 
consistent with structure. 

A. Con5>ound XXI (A » tert-buto:qrcarbonyl, D' «= 2- 
5 ftirfuryl, A' - H) . To a solution compoxjnd XX (2.5 

mmol) in ethanol (30 mL) was added fizrfurylamine (0.67 
mL, 7.5 mmol) and the mixture was heated to 85<'C for 
24 h. The solution «ras filtered and concentrated under 
reduced pressure to give 0.80 g of the title compound 
10 which was used without 8tJb8ec[uent purification. TLC: 
Rf - 0.38, 1:10:90 concentrated NH^OH/methanol/CHjClj . 

B. Compound XXII (A - tert-butoxycarbonyl, D' = 2- 
furyl, E » 4-fluorophenyl) . To a solution of the 
product of Exaii?)le 136A (0.20 g, 0.60 mmol) in CHjClj (6 

15 mL) was added a saturated solution of sodixim 

bicarbonate (3 mL) , followed by addition of solid 
sodium bicarbonate (0.1 g, 1.2 mmol), then p- 
fluorobenzenesulfonyl chloride (0.32 g, 1.6 mmol). The 
mixture was stirred at ambient temperature for 24 h. 

20 The organics were extracted into 100 mL CHjClj, dried 
over emhydrous MgSO^, concentrated under reduced 
pressure, then purified via medium pressure silica gel 
chromatography using a gradient system of CH,C1,, 
followed by 1:99 methanol/CHjClj . The title compound 

25 was obtained as a white solid (86.1 mg) . TLC: Rf « 
0.17, 3:97 methanol/CHjClj, HPLC: Rt = IS.S niin; 
(j^H)-NMR (CDCI3) consistent with structure. 

C. Can5)Oiind XXII (A = H, D' = 2-furyl, E = 4- 

f luorophenyl , hydrochloride salt). To a solution of 
30 the resultant compound of Example 136B (16 mg, 0.031 
mmol) in EtOAc (3 mL) was added 30% w/w HCl in EtOAc 
(1 mL) . The mixture was stirred overnight at ambient 
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g of the title canpound. TLC: Rf « 0.44, 1:10:90 
concentrated NH^OH/methanol/CH^Cl^ ; (^H) -NMR (CDCI3) 
consistent with structure. 

E. Conipound 140. To a solution of the resultant 
5 compoiuid of. Exaznple 140D (0.93 g, 2.47 mmol) In CH^Cl^ 
(20 mL) was added a saturated solution of sodium 
bicarbonate (5 mL) followed by addition of solid soditim 
bicarbonate (0.42 g, 4.94 mmol) and 4- 
methoxybenzenesulfonyl chloride (0.61 g, 2.96 mmol). 

10 the mixture was stirred at ambient tenperature for 4 

hours. The solution was diluted with 200 mL CH^Cl^, the 
organics separated, dried over anhydrous MgSO^, and the 
organics concentrated under reduced pressure. The 
crude product was purified via medium pressure liquid 

15 chromatography using CH2CI2 followed by 1:99 

methanol/CH^Cl^ solution as the eluent system to give 
1.28-g of the title conqpound as a white solid. TLC: Rf 
« 0.26, 3:97 methanol/CHjClj, HPLC: Rt - 15.66 min, 
(^H) -NMR (CDCI3) consistent with structure. 

20 Baample 141 

A. Compomd XXII (A - H, D' « cyclopentylmethyl , E « 
4-methoxyphenyl, hydrochloride salt) . A solution of 
71.3 mg of the resxiltant compound of Exanple 166A in 
EtOAc (25 mL) at O^C was treated with anhydrous HCl gas 

25 for 10 min. , and allowed to stand for 12 h while 

warming to ambient temperature, then concentrated tinder 
reduced pressure and the resulting white solid used 
without purification for subsequent reaction. 

B. Compoiind 141. The resultant confound of Exanple 
30 141A (0.134 mmol) was reacted with allyl chlorof ormate 

in the manner described in Example 87B. After 
concentration of the mixture in vacuo cuid worlcup, the 
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white solid. TLC: Rf « 0.19, 3:97 methanol/CHjClj, 
(^H) -NMR (CDCI3) consistent; with structure. 

B. Con5)oxind XXII (A « H, D' » 2-furyl, E « 4- 
acetamidophenyl , hydrochloride salt). To a solution of 

5 the resixltant conpount of Exasiple 137A (30 mg, 0.054 

inmol) in EtOAc (3 xnL) was added 30% w/w HCl in EtOAc (1 
mL) . The mixture was stirred overnight at ambient 
temperature. The solution was concentrated xmder 
reduced pressure to give the title compound which was 
10 used without subsequent purification. TLC: Rf = 0.37 
(1:10:90 NH^OH/methanol/CH^Clj) . 

C. Conpound 137. To a solution of the resultcint 
conpound of Example 137a in CH^Cl^ (5 mL) was added 
triethylamine (0.1 mL", 0.72 mmol) followed by the 

15 compound of Exanple 48A (19 mg, 0.083 mmol). The 
mixture was stirred at. ambient temperature for 24 
hoiirs. The solution was concentrated under reduced 
pressure and the crude product purified via mediiim 
pressure column chromatography using a gradient solvent 

20 system of CHjCl^, followed by 1:99 methanol /CHjClj, 

followed by 3:97 methanol /CHjClj as the solvent system 
to give 8.5 mg of the title compound. TLC: Rf = O.ll 
(3:97 methanol/CHjClj) , HPLC: Rt = 12.69 min; (^H) -NMR 
(CDCI3) consistent with structure. 

25 Example 138 

Compound 138. A solution of 75 mg of the 
resultant confound of Exanple 51D and 45 mg of 3- 
chloroben2enesulf onyl chloride were reacted in the 
manner described in Example 60. After workup and 
30 purification by preparative reversed-phase C^^ HPLC 

using a linear gradient of 35% to 100% CHgCN/H^O with 
0.1% TFA as eluant, 29.7 mg of the title compound was 
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Example 145 

A. Ccaxnpoxind XXII (A - tert-butoxycarbonyl, D* « 
isobutyl, E « 2- (5-isoxa2oy-3-yl) -thiophene) • To a 
solution of 342.5 mg (1.02 mmol) of the resultant 

5 confound of Example 39A In CH^Cl^ (8 mL) was added 
ac[ueous soditim bicarbonate (2 inL) , solid sodium 
bicarbonate 257 xng (3.1 xnmol) , emd 5- (isoxazol-3*yl) - 
thiophenesulfonyl chloride 254.2 xng, (1.02 xnmol) . 
After 14 h, the resxilting mixtxxre was diluted with 

10 CH^Cl^, washed with saturated brine, dried over 

magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by flash chromatography using 
5% to 25% EtQAc/CH2Cl2 eluent and recrystallized from 
ether CH^Cl^ to provide 228.6 mg of the title product. 

15 (hl)-NMR (CDCI3) consistent with structure. 

B. Compound XXII (A - H, D' « isobutyl, E « 2-(5- 
isoxazoy-3*ly) -thiopene, hydrochloride salt) . A 
solution of 228.6 mg (0.416 mmol) of the resultant 

. conqpoimd of Example 145A in EtOAc (15 mL) at -20^C was 
20 treated with anhydrous HCl gas for 10 min. The ice 
bath was removed and after an additional 15 min, the 
reaction mixture was sparged with nitrogen then 
concentrated in vacuo to provide 223.6 mg of title 
product as the HCl salt. TLC: Rf « 0.48, 10% 
25 methanol/CH^Clj. 

C. Compound 145. A solution of 78.5 mg of the 
resultant conqpound of Exaxtrple 145B (0.162 mmol) in 
CH^Cl^ (3 mL) was treated sequentially at ambient 
teir5>erature under an atmosphere of nitrogen with 0.07 

30 mL (0.408 mmol) diisopropylethylamine and 55.6 mg 

(0.243 mmol) of the resultant cort5)o\ind of Exait5)le 48A, 
The mixture was stirred 16 h and then concentrated 
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xnmol) in CH^Cl^ (20 znL) was added a saturated solution 
of sodium bicarbonate (5 mL) , followed by solid sodium 
bicarbonate (1.33 g, 17.9 mmol) , and the resultant 
cco^jound of Bxaji^>le 48A (2.0 g, 8.7 mmol) . The mixture 
5 was stirred at ambient temperature overnight. The 

solution was diluted with 200 mL GH^Cl^, the organics 
separated, dried over anhydrous MgSO^, and concentrated 
under reduced pressure. The residue was recrystallized 
from ethyl acetate/hexane to give 1.01 g of the title 
10 conqpound as a white solid, TLC: Rf » 0.35, 3:97 
methanol/CHjCl^. {^)-NMR (CDCI3) consistent with 
structure. 

C. Compound XX (A - 3 (s) -tetrahydrofuryloxycarbonyl) . 
To a solution of the resultant confound of Exair5)le 140B 

15 (1.0 g, 3.2 mmol) in absolute ethanol (15 mL) was added 
solid KOH (0.21 g, 3.8 mmol). The mixture was stirred 
at ambient tenperature for 1.0 h. The solution was 
filtered through a pad of Celite then concentrated 
under reduced pressure. The residue was taken up in 

20 ether (100 mL) , washed with brine, dried over MgSO^, 

the concentrated under reduced pressure to give 0.88 g 
of the title coir?)ound as a white solid- TLC: Rf = 0.49 
(3:97 methanol/CHjClj) , (^H) -NMR {CDCI3) consistent with 
structure. 

25 D. Conqpoimd XXI (A - (S)-3- 

tetrahydrofuryloxycarbonyl, D' « cyclopentylmethyl , 
A' «^ H) . The resultcmt coit?)ound of Exanqple 140C (0,88 
g, 3.2 mol) was added to the resultant compound of 
Example 114A (5.0 g, 50.4 mmol) and stirred for 24 h at 

30 ambient tenperature . The solution was concentrated by 
distillation tinder reduced pressure. The residue was 
triturated with hexane and the solid collected by 
suction filtration and washed with hexcine to give 0.93 
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give 180 mg of the title ccsnpound which was used 
without sxibseguent pixrif ication. TLC: Rf » 0.14, 
1:10:90 NH^OH/methanol/CHjClj. 

C. Cortpound XXII (A - allyloxycarbonyl, D' « 
5 cyclopentylmethyl, E » 4-acetamidophenyl) . To a 

solution of the resultant conqpound of Example 146B (100 
mg, 0.20 mmol) in CH^Cl^ (10 mL) was added triethylamine 
(0.1 mL, 0.72 mmol) , followed by allylchloroformate 
(0.04 mL, 0.3 mmol). The mixture was stirred at 

10 ambient tes^erature for 24 hours. The solution was 
diluted with 150 mL CH^Cl^, washed with water, dried 
over anhydrous MgSO^, and the organics concentrated 
under reduced pressure. The crude product was purified 
via mediiim pressure column chromatography using a 

15 gradient solvent system of GH^Clj, followed by lt99 

methanol /CHjClj, followed by 3:97 methanol/CH^Cl^ as the 
solvent system to give 103 mg. Rf = 0.22, 3:97 
methanol /CaijClj, HPLC: Rt= 15.29 min, (^H) -NMR (CDCI3) 
consistent with structure. 

20 Example 147 

Conqpound 147, To a solution of the resultant 
coitpound of Example 146B (80 mg, 0.16 mmol) in 
C3l2Cl2(5 mL) was added triethylamine (0.07 mL, 
0.48 mmol) , followed by slow addition over 3 hours of 

25 the resultcint compound of Exanple 82A (53 mg, 

0.19 mmol) as a solution in CHjClj (3 mL) . The mixture 
was stirred at ambient tenperature for 24 hours. The 
solution was diluted with 100 mL CH2CI2 washed with 
water, dried over anhydrous MgS04, and the organics 

30 concentrated under reduced pressure. The crude product 
was purified via medium pressure column chromatography 
using a gradient solvent system of CH2CI2, followed by 
1:99 methanol /CH2CI2, followed by 2:98 methanol /c:H2Cl2 
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residue was purified by thick layer silica gel 
chromatography using 5% MeOH/CHjClj as eluant followed 
by preparative reversed-phase C^^ HPLC using a linear 
gradient of 35% to 100% CHgCN/HjO with 0.1% TFA as 
5 eluant to obtain 21.6 xng of the title compound. TLC: 
Rf - 0.45, 5% MeOH/CHjClj. HPLC: Rt = 16.96 min. 

Compoiind 142. To a solution of 4.0 g of the 
resultant confound of Example 141A in 45 mL of THF was 

10 added sequentially, 1.96 mL of diisopropylethylamine 
and a solution of 2.68 g of the resultant confound of 
Example 82A in 45 mL THF. The mixture was stirred for 
24 hours and concentrated in vacuo. The residue was 
taken up in CH2Cl2f washed with saturated sodium 

15 bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo. The residue was 
purified by low pressure silica gel column 
chromatography using 20% to 40% EtOAc in hexane eluent 
to yield 3.69 g of the title compound. TLC: Rf = 0.41, 

20 50% EtOAc/CHjClj. 

Example 143 

Compound 143. A solution of 3.69 g of the 
resultant compound of Example 142 in 100 mL of ethyl 
ether was treated with anhydrous HCl gas for 10 min. 
25 The reaction mixture was sparged with nitrogen then 
filtered. The solid was tadcen up in methanol and 
concentrated to yield 3.71 g of the title con5)ound. 
TLC: Rf = 0.62, 90/10/1 CHjClj/MeOH/AcOH, HPLC: Rt = 
13.87 min. (^H) -NMR (CDCI3) consistent with structure. 
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CH^Cl^, washed with saturated N2iHC03 and satxxrated NaCl, 
then dried over MgSO^, filtered, and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel chromatography using 20% diethyl ether/ CH^Cl^ 
5 as eluent to provide 45 mg of the title product as a 

white solid. TLC: Rf - 0.46, 20% diethyl ether/CHjCl^ . 
HPLC: Rt m 15.78 min. (^) -NMR (CDCI3) consistent with 
structure. 

10 A. Conpoxind XXII (A « tert-butoxycarbonyl, D' « 

cyclopentymethyl , E ■ 3-pyridyl) . To a solution of 
153 mg (0.422 mmol) of the resultant conpound of 
Exanple 114B in CH2CI2 (4 mL) was added aqueous sodium 
bicarbonate (1 mL) , solid sodiiim bicarbonate 141.7 mg 

15 (1.69 mmol), and the resultant coii^)ound of Exazr^e 144A 
156.1 mg. (0.879 mmol). After 14 h, the resulting 
mixture was diluted with CH2CI2, washed with saturated 
. brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo. The residue was purified by 

20 flash chromatography using 20% to 40% EtOAc/CH2Cl2 

eluent to provide 64.7 mg of the title product. TLC; 
Rf - 0.24, 20% EtOAc/CH2Cl2. 

B. ~ Compound XXII (A « tert-butoxycarbonyl, D' = 
cyclopentylmethyl , E - 3-pyridyl, hydrochloride salt) . 

25 A solution of 273.1 mg (0.572 mmol) of the resultant 

compound of Example 149 A in EtOAc (15 mL) at -20®C was 
treated with anhydrous HCl gas for 10 min. The ice bath 
was removed and after an additional 15 min., the 
reaction mixture was sparged with nitrogen then 

30 concentrated in vacuo. To a solution of the resulting 
residue in CH2CI2 (3 mL) was added, sequentially at 
ambient temperature xxnder an atmosphere of nitrogen, 
with 0.076 mL (0.437 mmol) diisopropylethylamine and 
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in vacuo. The residue was tcLken up in CH^Cl^ and washed 
with saturated brine, dried over magnesium sulfate, 
filtered, emd concentrated in vacuo. The residue was 
purified by preparative HPLC to yield 48.7 mg of the 
5 title product. TLC: Rf - 0.36, 25% EtAOc/CH^Clj . HPLC: 
Rt a 15.2 min; (^H) -NMR (CDCI3) consistent with 
structure . 

Bxample 146 

A. Compound XXI (A « tert-butoxycarbonyl, D' = 
10 cyclopentylmethyl, E « 4-acetamidophenyl) . To a 

solution of the resultant compound of Exaxnple 114B (300 
mg, 0.83 mmol) in CH^Cl^ (15 mL) was added 4- 
acetamidobenzenesulfonyl chloride (580 mg, 2.48 mmol) 
followed by the addition of a saturated solution of 

15 sodium bicarbonate (4 mL) and solid sodium bicarbonate 
(0.14 g, 1.67 mmol). The mixture was stirred at 
ambient teit?)erature overnight. The solution was 
diluted with 150 mL CHjCl^, the organics separated, 
dried over anhydrous. MgSO^, and the organics 

20 concentrated imder reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using a gradient solvent system of CHjClj, followed by 
5:95 EtOAc/CHjClj, followed by 10:90 EtOAc/CHjClj 
solution to give 310 mg of the title conpound as a 

25 white solid. TLC: Rf = 0.10, 3:97 methanol/CaijClj, 

HPLC: Rt = 15.96 min, (^H) -NMR (CDCI3) consistent with 
structure. 

B. Conpound XXII (A « H, D' = cyclopentylmethyl, E = 
4-acetamidophenyl, hydrochloride salt) . To a solution 

30 of the resultant con^joiind of Example 146A (210 mg, 0.38 
mmol) was added 30% w/w HCl in EtOAc (15 mL) . The 
mixture was stirred for 1 hour at ambient ten5)erature . 
The solution was concentrated xinder reduced pressure to 
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C. Coxnpound XXII (A - H, D* - isobutyl, E « 
piperidinyl , hydrochloride salt) . A solution of 70 xng 
of the resultant coxt^oxind of Example 15 OB in ethyl 
acetate was treated at -20^C with HCl gas for 20 min 
5 during which time the tes^erature was allowed to warm 

to 20 ^C. Nitrogen was then bubbled through the mixture 
for 15 min and solvent removed in vacuo to yield a 
viscous oil which was used directly for the ensuing 
reaction. 

10 D. Conpoxind 150. A solution of the resultant 

conpound of Example 150C in CE2CI2 was added, at ambient 
temperature under an atmosphere of nitrogen, to a 
solution of 50 mg of the resultant conpoiind of Exasple 
48A cuad 56 mg N,N-diisopropylethylamine in CHjCl^. the 

15 mixture was stirred for 14 h, diluted with CHjClj, 

washed with saturated NcaiC03 and saturated NaCl, then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/CHjClj as eluent 

20 to provide 16 mg of the title product as a white solid. 
TLC: Rf -= 0.45, (0% diethyl ether/ OLjCl^. HPLC: Rt = 
15.00 min. (^H) -NMR (CDCI3) consistent with structure. 

Example 151 

A. Compound XXII (A = tert butoxycarbonyl , D' = 
25 cyclopentylmethyl , E « 4-trif luormethoxyphenyl) . A 

solution of 71 mg of the resultant compound of Exaiiple 
114B in 4:1 CHjClj/saturated aqueous NaHC03 was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 76 mg of 4- 
30 trifluoromethoxybenzensulfonyl chloride and 25 mg of 
sodium bicarbonate. The mixture was stirred, 14 h, 
diluted with CH.C1-, washed with saturated NaCl then 
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as the solvent system to give 71.7 mg of the title 
compound. Rf » 0.06, 3:97 methanol /CH2Cl2# HPLC: Rt = 
12.61 min, ('h)-NMR (CDCI3) consistent with structure. 

Example 148 

5 A. Conpoiind XXII (A - tert-butoxycarbonyl, D* = 

cyclopentylmethyl, B - phenyl). A solution of 297 mg 
of the resultant confound of Bxample 114B in 4:1 
CH^Cl^/saturated aqueous NaHC03 was treated 
sequentially, at ambient temperature xinder an 

10 atmosphere of nitrogen, with 217 mg of benzenesulfonyl 
chloride and 103 mg of sodium bicarbonate. The mixture 
was stirred for 6 h, diluted with CHjCl^, washed with 
satxirated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo to yield 426 mg of the title 

15 product as a white solid. TLC: Rf ■= 0.32, 5% diethyl 
ether/CHjClj. ^ (^H) -HMR (CDCI3) consistent with 
structure. 

B. Compound XXII (A « H, D» « cyclopentylmethyl, E = 
phenyl, hydrochloride salt). A solution of 400 mg of 

20 the resultant compound of Exanple 14 8A in ethyl acetate 
was treated at -20»C with HCl gas for 20 min, during 
which time the temperature was allowed to warm to 20 '•C, 
Nitrogen was then bubbled through the mixture for 15 
min and solvent removed in vacuo to yield 349 mg of 

25 white solid which was used directly for the ensuing 
reaction. 

C. Conpoxand 148. A solution of 40 mg of the 
resultant compound of Example 14 8B in CHjClj was added, 
at ambient temperature tinder an atmosphere of nitrogen, 

30 to a solution of 31 mg of the resultant conpound of 
Exanple 48A and 35 mg N,N-diisopropylethylamine in 
CHjClj. The mixture was stirred for 14 h, diluted with 
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B?gTOle 152 

A. Conqpoiind XXII (A - tert-butoxycarbonyl, D« « 
isobutyl, E - 4 - trif luormethoxyphenyl) . A solution of 
97 mg of the resultant conpound of Example 39A in 4:1 

5 CH^Cl^/satiirated aqueous NaHC03 was treated 

sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 113 mg of 4- 
trifluorometho9^benzene8\ilfonyl chloride and 36 mg of 
sodium bicarbonate. The mixttxre was stirred for 14 h, 

10 diluted with CHjCl^, washed with saturated NaCl then 

dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/cai^Clj as eluent 
to provide 120 mg of the title product as a white 

15 solid. TLC: Rf - 0.34, 5% diethyl ether/CH^Clj . HPLC: 
Rt m 18.54 min. (^H) -NMR (CDCI3) consistent with 
structure. 

B. Conpound XXII (A - H, D» = isobutyl, E = 4- 

trif luormethoxyphenyl , hydrochloride salt). A solution 
20 of 100 mg of the resultant conqpoxind of Exair?)le 152A in 
ethyl acetate was treated at -20«C with HCl gas for 
20 min, during which time the tenperature was allowed 
to warm to 20*'C. Nitrogen was then bubbled through the 
mixture for 15 min and solvent removed in vacuo to 
25 yield 89 mg of white solid which was used directly for 
ensuing reaction. 

C. Compoxind 152. A solution of 41 mg of the 
resultant coit5)ound of Example 152B in CHjCl^ was added, 
at ambient temperature xinder the atmosphere of 

30 nigrogen, to a solution of 28 mg of the resultant 
compound of Exaitple 48A and 32 mg N,N- 
diisopropylethylamine in CHjCl^. The mixture was 
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34.3 mg {0.150 mmol) o£ the resultant coxnpound of 
Bxasiple 48A. The mixture was stirred for 16 h and then 
concentrated in vacuo. The residue was taOcen up in 
CH2CI2 and washed with saturated brine, dried over 
5 magnesium sulfate, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
column chromatography using a gradient 20% to 50% EtOAc 
in CH2CI2 eluent to yield 11.3 mg of the title product. 
TLC; Rf - 0.15 40% EtOAc/CH2Cl2 • HPLC: Rt « 13.7 min; 
10 (^H) NMR (CDCI3) consistent with structure. 

A. 1-Piperidinesulfonyl chloride. A solution of 4 g 
of sulfuryl chloride in acetronitrile was treated 
dropwise with 861 mg of piper idine at ambient 
15 temperature \inder an atmosphere of nitrogen. After 
coxtplete addition, the mixture was reflxixed for 18 h, 
cooled to room temperature and concentrated in vacuo to 
yield the title product as a red oil. TLC: Rf = 0.86, 
CHjClj. (^H)-NMR (CDCI3) consistent with structure. 

20 B. Compound XXII (A - tert-butoxycarbonyl, D* = 

isobutyl, E = piperidinyl) . A solution of 73 mg of the 
resultant compoxind of Exanple 39A in CHjClj was treated 
sequentially, at ambient ten^jerature under an 
atmosphere of nitrogen, with 121 mg of the resultant 

25 compound of Exanple 150A and 84 mg of N,N- 

diisopropylethylamine . The mixture was stirred for 14 
h, diluted with CHjClj, washed with saturated NaCl then 
dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 

30 chromatography using 5% diethyl ether/CHjClj as eluent 
to provide 70 mg of the title product as a white solid. 
TLC: Rf = 0.21 (5% diethyl ether in CE^Cl^) . HPLC: Rt = 
17.40 min. (^H)-NMR (CDCl.) consistent with structure. 
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which was used directly for siibsequent reaction. TLC 
Rf « 0.12, 3:97 methanol /CHjClj. 

C. Conpound XXII (A « (3-pyridyl) -methyloxycarbonyl, 
D' - isobutyl, E « 4-methoxyphenyl) . To a solution of 
5 the resultant coznpound of Bxasple 153B (100 zng, 

0.23 mmol) in CHjClj (5 mL) was added triethylamine 
(0.1 xnL, 0.72 nanol) followed by slow addition over 
3 hours of the resultant coztipoiud of Bxaxnple 82A 
(75 mg, 0.27 mtnol) as a solution in CH2CI2 (5 xnL) . The 

10 mixture was stirred at ambient temperature for 

24 hours. The organics %raB concentrated under reduced 
pressure and the crude product was ptirif ied via medium 
pressure column chromatography using a gradient solvent 
system of CH2CI2, followed by 1:99 methanol/CH2Cl2' 

15 followed by 3:97 methanol /CH2CI2 as the solvent system 
to give 49.3 mg of the title conqpound. Rf = 0.33, 3:97 
methanol/CH2Cl2. HPLC: Rt - 13 .18 min, {!^H) -NMR (CDCI3) 
consistent with structure. 

E^eample 154 

20 Conpoxind 154. To a solution of the resultcuat compotind 
of Exaxiple 153B (100 mg, 0.20 mmol) in CH2CI2 (5 mL) 
was added triethylcunine (0.25 mL, 1.8 mmol) followed by 
allylchlorof ornate (0.1 mL, 0.94 mmol). The mixture 
was stirred at ambient teirqperature for 24 hours. The 

25 solution was concentrated under reduced pressure and 
the crude product purified via medium pressure column 
chromatography using a gradient solvent system of 
CH2Ci2# followed by 1:99 methanol/CH2Cl2 as the solvent 
system to give 94 mg of the title compound, Rf = 0.71, 

30 3:97 methanol /CH2CI2 . HPLC : Rt = 16.12 min, (^H)-NMR 
(CDClo) consistent with structure. 
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10 



dried over MgSO^, filtered, and concentrated in vacuo. 
The residue was purified by low pressure silica gel 
chromatography using 5% diethyl ether/CHjClj as eluent 
to provide 92 mg of the title product as a white solid. 
TLC: Rf - 0.34, 5% diethyl ether/ CHjCl,. (^H) -NMR 
(CDCI3) consistent with structure. 

B. Compound XXII (A - H, D' ■ cyclopentylmethyl , E = 
4-trifluonnetho3cyphenyl, hydrochloride salt) . A 
solution of 92 mg of the resultant confound of Exasple 
15 lA in ethyl acetate was treated at -20«C with HCl gas 
for 20 min, during which time the temperature was 

through the mixture for 15 min and solvent removed 
in vacuo to yield 83 mg of white solid which was used 
15 directly for the ensuing reaction. 

C. Con^jound 151. A solution of 22 mg of the 
resultant con?)ound of Example 15 IB in CHjClj was added, 
at ambient temperature under an atmosphere of nitrogen, 
to a solution of 15 mg of the resultamt compoxind of 

20 Example 4 8A and 16 mg N,N-diisopropylethylamine in 

CH^Clj. The mixture was stirred for 60 h, diluted with 
CHjClj, washed with saturated NaHCOg and saturated Naci, 
then dried over MgSO^, filtered, and concentrated 
in vacuo. The residue was purified by low pressure 

25 silica gel chromatography using 20* diethyl ether/ 

cnijClj as eluent to provide 23 mg of the title product 
as a white solid. TLC: Rf » 0.44, 20% diethyl 
ether/CHjClj . HPLC: Rt = 16.99 min. (^H) -NMR (CDCl.) 
consistent with structure. 
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chlorosxilfonic acid at O^C. The znixture was heated at 
60 for 2 h, then treated with crushed ice, filtered 
and dried to give 1.3 g of the title coinpotind which was 
used directly for subsequent reaction. TLC: Rf - 0.18, 
5 50% EtOAc/hexane. ('h)-NMR (CDCI3) consistent with 
structure. 

B. Con^jound XXII (A - tert-butoa^carbonyl, D* - 
cydopentylmethyl, E - 5- (N-acetyl) -indoline) . To a 
solution of 60 mg of the resultant compound of 

10 Exazrqple 114B in 15 xnL of CHjClj was added (5 mL) 

saturated aqueous sodixim bicarbonate solution, 50.0 mg 
sodium bicarbonate, and 60 mg of the resultant confound 
of Exaii5)le 156A. After 4 h, the resulting mixture was 
diluted with CHjClj, washed with saturated brine, dried 

15 over magnesitun sulfate and filtered. The mixture was 
then concentrated in vacuo to give the desired product 
which was used directly for subsequent reastion. 
(^H)-NMR (CDCI3) consistent with structure. 

C. Ccxnpound 156. A solution of 37 mg of the 

20 resultant conpound of Example 156B in EtOAc (15 mL) at 
0** C was treated with anhydrous hydrogen chloride gas 
for 10 min., and allowed to stand for 12 h while 
warming to ambient temperature. This crude material 
was then reacted with allyl chloroformate in the manner 

25 described in Exanqple 87B. After concentration of the 
mixture in vacuo suad workup, the residue was purified 
by thick layer silica gel chromatography using 7% 
MeOH/C3l2Cl2 as eluant followed by preparative reversed- 
phase C^3 HPLC using a linear gradient of 35% to 100% 

30 CH3CN/H2O with 0.1% TFA as eluant to obtain 10.5 mg of 
the title compoxind. TLC: Rf - 0.75, 10% MeOH/CH2Cl2. 
HPLC: Rt = 15.78 min; (^H}-NMR (CDCL3) consistent with 
structure. 
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Stirred 14 h, diluted with CHjCl^, washed with saturated 
NciHCOg and saturated NaCl, then dried over MgSO^, 
filtered, and concentrated in vacuo. The residue was 
purified by low pressure silica gel chromathography 
using 5% diethyl ether/CHjCl^ as eluent to provide 30 mg 
of the title product as white solid. TLC: Rf - 0.08 
(5% diethyl ether/CHjClj) . HPLC: Rt = 16.52 min. 
(^H) -NMR (CDCI3) consistent with structure. 

A. Conpound XXII (A - tert-butoxycarbonyl, D* « 
isobutyl, E « 4-methQ3OThenyl) . To a solution of the 
resultant coii5)ound of Example 39A (600 mg, 1.77 mmol) 
in C3I2C12 (10 mL) was added 4-methoxyben2enesulfonyl 
chloride (0.55 g. 2.66 mmol) followed by the addition 
of a saturated solution of sodixam bicarbonate (3, mL) 
and 0.30 g of solid sodium bicarbonate. The mixture 
was stirred at ambient temperature overnight. The 
solution was diluted with 200 mL CHjClj, the organics 
were separated, dried over anhydrous MgSO^, and the 
organics concentrated under reduced pressure. The 
crude product was purified via medium pressure liquid 
chromatography using a gradient solvent system of 
CHgClj followed by 5:95 ether/CH2Cl2 solution to give 
630 mg of the title compound as a white solid. TLC: Rf 
=» 0.48, 3:97 methanol/CH2Cl2. (^H)-NMR (CDCI3) 
consistent with structure. 



B. Compound XXII (A = H, D' « isobutyl, E = 4- 
methoxyphenyl , hydrochloride salt). To a solution of 
the resultant compound of Example 153A (0.63 g, 
1.24 mmol) in EtAc (5 mL) was added 30% w/w HCl in 
EtOAc (5 mL.) The mixture was stirred for 6 hours 
ambient teir5)erature . The solution was concentrated 
under reduced pressure to give 0.59 g of a white solid 
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bicaxbonate. The mixture was stixxed at ambient 
tenperatiire overnight. The solution was diluted with 
200 mL CH2Cl2# the organics separated, dried over 
anhydro\is MgSO^, and the orgsmics concentrated under 
5 reduced pressure. The crude product was purified via 
medixun pressure liquid chromatography using CH2Cl2# 
followed by 1:99 methanol /CH2CI2 as the solvent system 
to give 340 mg of the title compotand as a white solid. 
TLC: Rf - 0.39, 3:97 methanol/CH2Cl2, {^H)-NMR (CDCL3) 
10 consistent with structure. 

C. Con?)Ound XXI (A « H, D' - cyclohexylmethyl , E = 4- 
methoxyphenyl , hydrochloride salt). To a solution of 
the resultamt cozipoimd of Bxanple 158B (0.34 g, 0.62 
mmol) in BtOAc (10 mL) was added 30% w/w HCl in BtOAc 
15 (5 mL) . The mixtxire was stirred for 3 hours at ambient 
tenperature . The solution ~was concentrated under 
reduced pressure to give 0.3 g of a white solid which 
was used directly for siibsequent reaction. TLC: Rf - 
0.12, 3:97 methanol/CH2Cl2. 

20 D. Cozripound 158. To a solution of the resultant 

compound of Exanple 158C (100 mg, 0.21 mmol) in CH2CI2 
(8 mL) was added triethylamine (0.2 mL, 1.44 mmol) 
followed by the resultant confound of Bxanple 48A (71 
mg, 0.31 mmol). The mixture was stirred at ambient 

25 temperature for 6 hours. The solution was diluted with 
CH2Cl2f (200 mL) washed with a saturated solution of 
sodixjm bicarbonate (30 mL) , the organics separated, 
dried over anhydrous MgS04 cind concentrated under 
reduced pressure and the crude product purified via 

30 meditim pressure colimsn chromatography using a gradient 
solvent system of CT2CI2 followed by 10:90 EtOAc/CH2Cl2 
as the solvent system to give 84.9 mg of the title 
con5)OXind. TLC: Rf « 0.48, 3:97 methanol/c:H2Cl2i HPLC: 
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EJcantPle 155 

A • N- hydroxysuccinimidyl - 1 -me thoxypropane -3 - 
carbonate. A solution of 355 zng of 2 -methylene- 1,3- 
propanediol in acetonitrile (30 mL) was added 
5 sequentially, at ambient temperature, 65 mg of sodium 
hydride and 0.25 mL iodome thane. The mixture was 
stirred for 12 h and concentrated in vacuo. The 
residue was then tedcen up in 15 mL of acetonitrile and 
treated sequentially, at ambient textperature under an 

10 atmosphere of nitrogen, with 1.3 g of N,N- 

disuccinimidyl carbonate and 1.6 mL of triethylamine . 
After stirring for 14 h, the reaction mixture was 
concentrated in vacuo and the residue was diluted 
CH2Cl2f washed with saturated sodium bicarbonate 

15 solution and saturated brine, dried over magnesium 
sulfate, filtered suid' concentrated in vacuo. The 
residue was purified by silica gel chromatography with 
EtOAc as eluemt to give 95 mg of the title compovmd. 
(^H)-NMR (CDClg) consistent with structure. 

20 B. Coii?)Ound 155. A solution of 0.056 mmol of the 

resultant compound of Exairqple 40A was reacted with the 
resultant conqpound of Example 155A in the manner 
described in Exanqple 132. After concentration of the 
mixture in vacuo and workup, the residue was purified 

25 by thick layer silica gel chromatography using 7% 

MeOH/C3l2Cl2 as eluant followed by preparative reversed- 
phase C^g HPLC using a linear gradient of 35% to 100% 
aigCN/HjO with 0.1% TFA as elucmt to obtain 3.7 mg of 
the title conpound. TLC: Rf = 0.45, 7% MeOH/CH2Cl2. 

30 HPLC: Rt = 13.78 min. 



Example 156 

A. l-acetylindoline-5-sulfonyl chloride. A 1.02 g 
portion of l-acetylindoline was treated with 2 mL of 
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(8 mL) was added triethylaxnine (0.2 xnL, 1.44 xnmol) 
followed by the resxxltant compound of Example 48A (73 
xng, 0.32 xnmol) . The mixture was stirred at ambient 
texxperature for 6 hoiirs. The solution was diluted with 
5 CH2CI2, (200 mL) washed with saturated solution of 

sodium bicarbonate (30 mL) , dried over anhydrous MgS04, 
the organics concentrated under reduced pressure and 
the crude product purified via medium pressure column 
chromatography using a gradient solvent system of 
10 CBjClj, followed by 10:90 EtOAc/CHjClj as the solvent 
system to give 54 mg of the title contpound. TLC: Rf = 
0.46, 3:97 methanol/CHjClj, HPLC: Rt - 16.48 min; (^H)- 
NMR (CDCL3) consistent with structure. 

15 A. Conpoxind XXII (A.- tert-butosqrcarbonyl, D' = 
cyclohexylmethyl, E - 4-acetamidophenyl) . To a 
solution of the resultant compoimd of Exazrple 15 8A (400 
mg, 1.06 mmol) in CEjClj (10 mL) was added 4- 
acetamidobenzenesulfonyl chloride (0.75 g, 3.2 mmol) 

20 followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.18 g of solid sodium 
bicarbonate. The mixture was stirred at ambient 
temperature overnight. The solution was diluted with 
200 mL CHjClj, the organics separated, dried over 

25 anhydrous MgS04, and the orgsmics concentrated under 
reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using CHjClg, 
followed by 1:99 methanol /CHjClj and 2:98 
methanol /CH2CI2 as the solvent system to give 290 mg of 

30 the title compoxind as a white solid. TLC: Rf = 0.14, 
3:97 methanol/CH2Cl2, (^H) -NMR (CDClg) consistent with 
structure . 
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Compound 157. A solution of 37 mg of the 
resultant conpoxxnd of Bxaxrple 156B in EtOAc (15 mL) at 
0® C was treated with cuahydrous hydrogen chloride gas 
5 for 10 min. , and allowed to stand for 12 h while 

warming to ambient tenperature* This crude material 
was then reacted with the resultsuit compound of Exaicple 
48A in the manner described in Bxaznple 88* After 
concentration of the mixture in vacuo, the residue was 
10 purified by preparative reversed-phase C^^ HPLC using a 
linear gradient of 35% to 100% CHgCai/HjO with 0.1% TFA 
as elxxant to obtain 17.9 mg of the title conqpound. 
TLC: Rf - 0.6, 10% MeOH/CHjClj. HPLC: Rt - 14.68 
min; (^H) -NMR (CDCL3) consistent with structure. 

15 g?gmplg 159 

A. Compound XXII (A « tert-butoxycarbonyl, D' = 
cyclohexylmethyl , B «= H) . To a solution of conpound XX 
(A = Boc) (5.0 mmol) in ethanol (20 mL) was added 
cyclohexylmethylamine (3.25 mL, 2.83 mmol) and the 

20 mixture was stirred for 3 hours at ambient temperature. 
The solution was filtered and concentrated iinder 
reduced pressure to give 1.49 g of a white solid which 
was used directly for subsequent reaction. TLC: Rf = 
0.14, 3:97 methanol/CHjClj. (^H)-NMR (CDCI3) consistent 

25 with structure. 

B. Cozrqpound XXII (A « tert-butoxycarbonyl, D* «= 
cyclohexylmethyl, E » 4-methoxyphenyl) . To a solution 
of the resultant compound of Exanple 15 8A (400 mg, 1.06 
mmol) in CH2CI2 (10 mL) was added 4- 

30 methoxybenzenesulfonyl chloride (0.66 g, 3.1 mmol) 

followed by addition of a saturated solution of sodium 
bicarbonate (3 mL) and 0.18 g of solid sodium 
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0.65 CHjClj. (^H)-IIMR (CDCI3) consistent with 
struct\ire . 

B. Conipounci XXII (A-tert-butoxycarbonyl, D' 
isobutyl, E « morpholinyl) . A solution of 98 mg of the 

5 resultant cospound of Bxample 39A in 4:1 

CH^Clj/saturated aqueous NaHC03 was treated 
sequentially, at ambient tenperattxre under an 
atmosphere of nitrogen, with 270 mg of the resulteuit 
compound of Exanple 161A cuid 122 mg of sodiiim 

10 bicarbonate. The mixture was stirred for 14 h, diluted 
with OLjCl^, dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using CH^Clj as 
eluent followed by preparative HPLC to provide 22 mg of 

15 the title product as an oily solid. TLC: Rf « 0.46, 
20% diethyl ether/CBjCl^. HPLC: Rt - 15.50 min. 
(^H)-NMR (CDCI3) consistent with structure. 

C. Coir5)ound XXII (A ■ H, D' = isobutyl, E = 
morpholinyl, hydroclxloride salt) . A solution of 22 mg 

20 of the resultant compound of Exasple 16 IB in ethyl 
acetate was treated at -20^C. Nitrogen was then 
bubbled through the mixture for 15 min eind solvent 
removed in vacuo to yield an oily semi- solid mass which 
was used directly for the ensuing reaction. 

25 D. Confound 161. A solution of the resultant 

compound of Example 161C in CH^Cl^ was added, at ambient 
temperature tinder an atmosphere of nitrogen, to a 
solution of 16 mg of the resultant cdcpoimd of Exanqple 
48A and 18 mg N,N-diisopropylethylamine in CH^Cl^. The 

30 mixture was stirred for 14 h, diluted with CHjClj, 

washed and saturated with NaHC03 and saturated NaCl, 
then dried over MgSO^, filtered, and concentrated 
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Rt » 16.35 min; (^H)-NMR {CDCI3) consistent with 
structure . 

A. Con5)ound XXII (A « tert-butoxycarbonyl, D' = 

5 cyclohexylmethyl , E » 4-fluorophenyl) . To a solution 

of the resultant coxnpound of Example 158A (400 mg, 1.06 
mmol) in CH2CI2 (10 xnL) was added 4- 
fluorobenzenesulfonyl chloride (0.62 3.2 mmol) 
followed by addition of a saturated solution of sodium 

10 bicarbonate (3 mL) and 0.18 g of solid sodi\am 

bicarbonate. The mixture was stirred at ambient 
tenperatiire overnight. The solution was diluted with 
200 mL CH2CI2/ the oz^anics separated, dried over 
anhydrous MgS04, and the organics concentrated under 

15 reduced pressure. The crude product was purified via 
mediiim pressure liquid chromatography using CM2CI2 
followed by 1:99 methanol/CH2Cl2 solution as the 
solvent system to give 280 mg of a white solid. TLC: 
Rf = 0.47, 3:97 methanol/CH2Cl2, (^H) -NMR (CDCI3) 

20 consistent with structure. 

B. Compound XXII (A « H, D' = cyclohexylmethyl, E = 
4-fluorophenyl, hydrochloride salt). To a solution of 
the resultant conpound of Example 159A (0.28 g, 0.52 
mmol) was added 30% w/w HCl in EtOAc (10 mL) . The 

25 mixture was stirred for 3 hours at ambient temperature. 
The solution was concentrated iinder reduced pressure to 
give 0.23 g of a white solid which was used directly 
for subsequent reaction. TLC: Rf « 0.13, (3:97 
methanol /CHjClj, (^H)-NMR (CDCL3) consistent with 

30 structure. 

C. Compoiind 159. To a solution of the resultant 
conpoxind of Exanqple 159C (100 mg, 0.21 mmol) in CH^^Cl*^ 
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A. N- hydroxysuccinimidyl - ( 2 -phenyl ) ethyl carbonate . 

A solution of 306 mg of phenethyl alcohol and 535 mg of 
N,N' -disuccinimidyl carbonate in acetonitrile was 
5 treated, at ambient tenperature under an atmosphere of 
nitrogen, with 810 mg of N,N-diisopropylethylamine. 
The mixture was stirred for 60 h and concentrated 
in vacuo. The residue was teOcen up in ethyl acetate 
and washed with saturated NaHCOg, saturated NaCl, then 
10 dried over MgS04, filtered, and concentrated in vacuo 
to yield the title product as a yellow oil. TLC: Rf » 
0.40 (5% methanol in CHjClj) . (^H)-NMR (CDCI3) 
consistent with structure. 

B. Conpoxind 164. A solution of 81 mg of the 

15 resultant coxrpound of Earample 164A in CHjClg was added, 
at ambient temperature imder an atmosphere of nitrogen, 
to a solution of 41 mg of the resultant con^jound of 
example 40a and 45 mg N,N-diisopropylethylainine in 
C3I2CI2. The mixture was stirred for 4 h, diluted with 

20 CHjClj, washed with saturated NsiHCOg and saturated NaCl, 
then dried over MgS04, filtered, and concentrated in 
vacuo. The residue was subjected to preparative HPLC 
to yield 18 mg of the title product. TLC: Rf = 0.83 
(5:10:85 NH4H/CH3OH/CH2CI2) . HPLC: Rt - 15.78 min. 

25 (^H)-NMR (CDCI3) consistent with structure. 

Example 165 

Compound 165. A solution of 36 mg of the 
resulteuit confound of Exaztple 51D in 4:1 
CH^Cl^/ saturated aqueous NaHC03 was treated 
30 sequentially, at ambient temperature under an 

atmosphere of nitrogen, with 20 mg of p- toluenesulf onyl 
chloride and 18 mg of sodium bicarbonate. The mixture 
was stirred for 3 h, diluted with CHjClj, washed with 
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B. Compoiind XXII (A « H, D' = cyclohexylmethyl , E = 
4-acetamidophenyl, hydrochloride salt) . To the 
. resultant oarapound of Example 160A (0.29 g, 0.51 xnznol) 
was added 30% w/w HCl in EtOAc (10 znL) . The mixture 
5 was stirred for 3 hours at ambient texnperature . The 
solution was concentrated tinder reduced pressure to 
give 0.26 g o£ a white solid which was used directly 
for subsequent reaction. TLC: Rf = 0.10, 3:97 
methanol /CH2CI2 • 

10 C. Confound 160. To a solution of the resul taint 

conipound of ExaTnple 160B (100 mg, 0.20 mmol) in CH2CI2 
(8 mL) was added triethylamine (0.2 mL, 1.44 mmol) 
followed by the resultant conpound of Example 48A (67 
mg, 0.30 mmol). The mixture was stirred at ambient 

15 temperature for 6 hours. The solution was diluted with 
CH2Cl2# (200 mL) washed with saturated solution of 
sodiiim bicarbonate (30 mL) , dried over, anhydrous MgSO^, 
the organics concentrated under reduced pressure and 
the crude product purified via mediiam pressure colximn 

20 chromatography using a gradient solvent system of 
CH2CI2, followed by 10:90 EtOAc/CH2Cl2, followed by 
20:80 EtOAc/CH2Cl2 the solvent system to give 56.8 
mg of a white solid. TLC: Rf = 0.17, 3:97 
methanol/CH2Cl2, HPLC: Rt « 14.65 min; (^H) -NMR (CDCI3) 

25 consistent with structure. 

Example 161 

A. 4-Morpholinesulf onyl chloride. A solution of 4.6 
g of sulfuryl chloride in ace tonit rile was treated 
dropwise with 996 mg of morpholine at ambient 
30 teit?)erature xinder an atmosphere of nitrogen. After 
con5>lete addition, the mixture was refluxed for 16 h, 
cooled to room teirperature, and concentrated in vacuo 
to yield the title product as a red oil. TLC: Rf = 
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The aqueous layer was extracted with 250 mL CH2^^2 
followed by extraction with 250 mL EtOAc. The combined 
organics were dried over anhydrous MgS04, concentrated 
under reduced pressure and the crude product purified 
5 via medixom pressure column chromatography using a 
gradient solvent system of CHjClj, followed by 1:99 
methanol /CHjClj, followed by 9:98 methanol/C3l2Cl2, 
followed by a 1:5:95 concentrated NH^OH/methanol/CHjClj 
_ solution as, the solvent system to give 0.38 g of the 
10 title conpound. TLC: Rf - 0.18, .3:97 methanol /CHjClj, 
(^H)-NMR (CDCI3) consistent with structure. 

C. Conqpotmd 166. To a solution of the resultant 
con^^ound of Example 166B (300 mg, 0.69 mmol) in CHjClj 
(5 mL) was added triethylamine (0.12 mL, 8.6 mmol), 

15 followed by slow addition over 3 hours of the resultant 
conpound of Exanple 82A (0.21 g, 0.77 mmol) as a 
solution in CHjClj (5 mL) . The mixture was stirred at 
ambient temperature for 24 hours. The solution was 
diluted with 250 mL CHjClj, washed with water, dried 

20 over anhydrous MgS04, organics concentrated 

under reduced pressure. The crude product was purified 
via medium pressure column chromatography using a 
gradient solvent system of CHjClj followed by 1:99 
methanol/cnijClj, followed by 2:98 methanol/CHjClj as the 

25 solvent system to give 110 mg of a white solid. TLC: 
Rf - 0.14 (3:97 methanol/CHjClj) , HPLC: Rt « 12.69 min, 
{^H)-NMR (CDCI3) consistent with structure. 

Example 167 

ConpoTind 167. A solution of 102 mg of the 
30 resultant coirpoxind of Example 5 ID in 4:1 

CHjClj/saturated aqueous NaHCOj was treated 
sequentially, at ambient temperature under an 
atmosphere of nitrogen, with 65 mg of p- 
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in vacuo. The residue was purified by preparative HPLC 
to provide 21 mg of the title product as an oily solid. 
TLC: Rf « 0.22, 20% diethyl ether/ CHjClj . HPLC: Rt = 
13.01 min. (^H) -NMR (CDCI3) consistent with structure. 

Example 162 

Cdcpound 162. A solution of 30 mg of the 
resultant cospound of Example 166A was deprotected with 
hydrogen chloride gas and the resultant compound was 
reacted with the resultcuit conpotind of Example 155A in 
the manner described in Example 155B. After 
concentration of the xaixture in vacuo and workup, the 
residue was purified by thick layer silica gel 
chromatography using 5% MeOH/CH2Cl2 as elucuit, followed 
by preparative reversed-phase C^g HPLC using a linear 
gradient of 35% to 100% CHgCN/Hj) with 0.1% TFA as 
eluant to obtain 6.2 mg of the title coir5)ound. TLC: Rf 
«= 0.65,, 5% MeOH/CHjClj. HPLC: Rt = 15.93 min (^H)-NMR 
(CDCI3) consistent with structure. 

Compound 163. A 120.3 mg portion of the 
resultant conpound of Example 153B was reacted with the 
resultant compound of Exanple 82A as described in 
Example 82B. After workup cuid concentration in vacuo, 
the residue was purified by low pressure silica gel 
colximn chromatography using 50% EtOAc in CH2CI2 eluent, 
followed by preparative reversed -phase C-jg HPLC using a 
linear gradient of 40% to 100% acetonitrile/water for 
elution to obtain 44.3 mg of the title compoxmd. TLC: 
Rf = 0.18, 50% EtOAc/CHjClj. HPLC: Rt=13.13 min; (^H) 
NMR (CDCI3) consistent with structure. 
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solvent system to give 56 mg of the title congpound as a 
white solid. TLC: R£ « 0.24, 3:97 methanol /CH2CI2/ 
HPLC: Rt e 14.29 min. (^H)-NMR (CDClg) consistent with 
structure. 

5 B?aiffPle 170 

A. Con^oxind XXII (A « tert-butoxycarbonyl, D' « 
cyclopentylmethyl, E - 4rnitrophenyl) . To a solution 
o£ the resultant conpound of Bxasple 114B (250 mg, 
0.69 mmol) in CB2CI2 (15 mL) was added a saturated 

10 solution of sodium bicarbonate (5 mL) followed by solid 
sodixim bicarbonate (0.12 g, 1.37 mmol) amd 4- 
nitrobenzensulfonyl chloride (200 mg, 0.9 mmol) . The 
mixture was stirred at ambient tenperature for 24 
hours. The solution was diluted with 200 mL CH2CI2/ 

15 the organics separated, dried over anhydrous MgS04, and 
concentrated under reduced pressure. The crude product 
was purified via medium. pressure liquid .chromatography 
using a gradient solvent system of CH2CI2 followed by 
1:99 methanol/C3l2Cl2 to give 360 mg of the title 

20 compound as an orsmge solid. TLC: Rf « 0.45, 3:97 
methanol/CH2Cl2. (^H)*NHR (CDCI3) consistent with 
structure . 

B. Conpound XXII (A - H, D' « cyclopentylmethyl , E- 
4-nitrophenyl, hydrochloride salt) . To the resultant 

25 confound of Bxanple 170A (360 mg, 0.66 mmol) was added 
10% w/w HCl in EtOAc (15 mL) . The mixture was stirred 
for 3 hours at ambient ten^erature. The solution was 
concentrated under reduced pressure to give 310 mg of 
the title confound as an orange solid which was used 

30 directly for subsequent reaction. TLC: Rf - 0.70, 
1:10:90 NH40H/methanol/CH2Cl2. 
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saturated NaCl then dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 5% diethyl 
ether/ CHjCl^ as eluent to provide 38 mg of the title 
5 product as a white solid. TLC: Rf « 0.15, 5% diethyl 
ether/CHjClj. HPLC: Rt « 15.27 min. (^H) -NMR (CDCI3) 
consistent with structure. 

A. Compound XXII (A « tert-butoxycarbonyl, D' = 

10 cyclopentylmethyl , E « 4-methoxyphenyl) . To a solution 
of the resultant conpound of Example 114B (1.8 g, 4.96 
mmol) in CH2CI2 (10 mL) was added 4- 
methoxylbenzensulfonyl chloride (2.10 g, 9.93 mmol), 
followed by addition of a saturated solution of sodium 

15 bicarbonate (3 mL) and 0.83 g of solid sodium 

bicarbonate. The mixture was stirred at ambient 
temperature for 24 hours. The solution was diluted 
with 200 mL CH2CI2, the organics were separated, dried 
over anhydrous MgS04, and concentrated under reduced 

20 pressure. The crude product was purified via medium 
pressure liquid chromatography using CH2CI2, followed 
by 1:99 methanol/CH2Cl2 followed by 2:98 
methanol/CH2Cl2 as the solvent system to give 1.49 g of 
the title coxrqDound as a white solid. TLC: Rf = 0.37, 

25 3:97 methanol /CH2CI2; (^H)-NMR (CDCI3) consistent with 
structure . 

B. Conpound XXII (A « H, D ' =cyclopentylmethyl , E « 4- 
hydroxypheny 1 ) . A solution of the resultant compound 
of Exait?5le 166A (1.11 g, 2.08 mmol) in CH2CI2 (20 mL) 

30 was added to a solution of boron tribromide in CH2CI2 
(1.0 M, 10.4 mL) . The mixture was stirred at ambient 
teir?)erature for 24 hours. The solution was poured onto 
40 mL of a saturated solution of sodixim bicarbonate. 
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solution of the resultant cos^ound of Exaziple 114B 
(500 mg, 1.38 znmol) in CH2CI2 (15 mL) wsis added a 
saturated solution of sodium bicarbonate (5 xnL) 
followed by solid sodiuan bicarbonate (0.23 g, 
5 2.76 xnmol) and 2,4-dinitrobenzenesulfonyl chloride 
(440 mg, 1.65 xnmol). The mixture was stirred at 
ambient teztperature for 2 hours. The solution was 
diluted with 200 mL CH2Cl2f the organics separated, 
dried over anhydrous M^S04, and concentrated under 

10 reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using a gradient 
solvent system of CH2CI2, followed by 1:99 
methanol/CH2Cl2 to give 700 mg of the title cospound as 
a brown solid. TLC: Rf « 0.48, 3:97 methanol/C3l2Cl2, 

15 (^H)-NMR (CDCI3) , consistent with structure. 

B. Compound XXII (A»H, D'«cyclopentylmethyl, E-2,4- 
dinitrophenyl , hydrochloride salt) . To a the resultant 
compound of Exasple 172A (700 mg, 1.18 mmol) was added 
10% w/w HCl in EtOAc (20 mL) . The mixture was stirred 
20 for 3 hours at ambient tenperature. The solution was 
concentrated under reduced pressure to give 590 mg of 
the title conpoiind as a brown solid which was used 
without sxibsequent purification. TLC: Rf = 0.55, 
1:10:90 NH40H/methanol/CH2Cl2 . 

25 C. Conqpound 172. To a solution of the resultant 

compoiind of 172B (590 mg, l.ll mmol) in GH2CI2 (15 mL) 
was added a saturated solution of soditim bicarbonate 
(5 mL) , followed by solid sodium bicarbonate (0.19 g, 
2.2 mmol) Euid the resultant compound of Exaicple 48A 

30 (0.31g, 1.3 mmol). The mixture was stirred at ambient 
tert5)erature for 24 hours. The solution was diluted 
with 150 mL CT2CI2, the orgemics separated, dried over 
anhydrous MgS04, amd the orgcuiics concentrated under 
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nitrobenzenesulfonyl chloride and 51 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl, then dried over 
MgSO^, filtered, and concentrated in vacuo* The 
5 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether/CHjCl^ as eluent 
to provide 124 mg of the title product as a white 
solid. TLC: Rf « 0.3G, 20% diethyl ether/CHjCl^ . HPLC: 
Rt = 15.15 min. (hi) -NMR {CDCI3) consistent with 
10 structure. 

Example lg9 

Compound 168. A solution of 124 mg of the 
resultant compound of Example 167 in ethyl acetate was 
treated, at ambient tenperature, with 13 mg of 10% 

15 palladixan on carbon. The mixture was stirred for 14 h 
under an atmosphere of hydrogen, filtered through a pad 
of Celite filter agent, and concentrated in vacuo. The 
residue was subjected to preparative HPLC to yield 82 
mg of the title product as a white solid. TLC: Rf = 

20 0.10, 20% ether/CHjClj. HPLC: Rt « 13.16 min. (^H) -NMR 
(CDCI3) consistent with structure. 

P?mp3-e Igg 

Compound 169. To a solution of the resultant 
cortpoiind of Example 166B {80 mg, 0.18 mmol) in CHjClj 

25 (15 mL) was added a saturated solution of sodium 

bicarbonate (5 mL) followed by the addition of the 
resultant conpound of Example 48A (55 mg, 0.24 mmol). 
The mixture was stirred at ambient temperature for 5 
hours. The solution was diluted with 200 mL CHgClj, 

30 the organics separated, dried over cinhydrous MgSO^, and 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using CHjClj, followed by 1:99 methanol/CHjClj as the 
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B. Conpoxind 174. A solution of .30 mg of the 
resultant cozrpoxind of Bxanple 51D in 4:1 
CH^Cl^/ saturated aqueous NaHC03 was treated 
sequentially, at ainbient teoperature tinder an 
atmosphere of nitrogen, with 24 mg of the resultant 
confound of Example 174A and 18 mg of sodium 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/CH^Cl^ as the 
eluent to provide 14 mg of the title product as a white 
solid. TLC: Rf - 0.43, 20% diethyl ether/CHjClj . HPLC: 
Rt « 17.01 min. (^H) -NMR (CDCI3) consistent with 
structure . 

Compound 175. A solution of 11 mg of the 
resultant coirqpound Exaicple 174B in ethyl acetate was 
treated at ambient teitperature, with 2 mg of 10% 
palladium on carbon. The mixture was stirred for 14 h 
under an atmosphere of hydrogen, filtered through a pad 
of Celite filter agent, filtered, and concentrated 
in vacuo. The residue was purified by low pressure 
silica gel chromatography using 10% methanol in CH^Cl^ 
as the eluent to provide 9 mg of the title product as a 
white solid. TLC: Rf > 0.38, 10% methanol in CH2CI2. 
HPLC: Rt « 13.37 min. (^H) -NMR (CDCI3) consistent with 
structure. 

Example 17€ 

A. l,3-Ben2odioxole-5-sulfonyl chloride. To 3.50 g 
of dimethylf ormamide, at 0®C under an atmosphere of 
nitrogen, was added S.47 g of sulfuryl chloride. The 
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C. Compound 170. To a solution of the resultemt 
coir5>ound of Example 170B (310 mg, 0.64 mmol) in CHjClj 
(15 mL) was added a saturated solution of sodium 
bicarbonate (5 mL) followed by the addition of solid 
sodium bicarbonate (0.11 g, 1.3 mmol) and the resultant 
compound of Example 48A (0.18 g, 0.77 mmol). The 
mixture was stirred at ambient temperature for 24 
hours. The solution was diluted with ISO mL CH2CI2, 
the organics separated, dried over anhydrous MgS04, and 
concentrated under reduced pressure. The crude product 
was purified via medium pressure liquid chromatography 
using CMjClj, followed by 1:99 methanol /CHjClj as the 
solvent system to give 0.32 g of the title coir5)ound as 
a white solid. TLC: Rf » 0.28, 3:97 methanol /CHjClj, 
HPLC: Rt - 16.06 min, (^H)-NMR (CDCI3) consistent with 
structure. 

Example 171 

Cort5)Oxmd 171. A solution of the resultant 
compound of Exaii5>le 170C (0.19 g, 0.34 mmol) in EtOAc 
(10 mL) was treated at ambient teit^ierature with 50 mg 
of 10% palladium on carbon and hydrogenated for 72 
hours under a slight positive pressure of hydrogen. 
The mixture was filtered and concentrated in vacuo and 
the crude product purified via medium pressure liquid 
chromatography using C3l2Cl2i followed by 1:99 
methanol/CHjClj, followed by 3:97 methanol/CH2Cl2, 
followed by 10:90 methanol/C3l2Cl2 as the solvent system 
to give 97 mg of the title coirpound as a white solid. 
TLC: Rf = 0.25, 3:97 methanol/CH2Cl2, HPLC: Rt « 14.28 
min, (^H)-NMR (C33CI3) consistent with structure. 

Example 172 

A. Compound XXII (A=tert-butoxycarbonyl, 

D • =cyclopentylmethyl , E=2 , 4 - dini trophenyl ) . To a 



wo 94/05639 



PCr/US93/08458 



- 239 - 

title product as a white solid which was used directly 
in subsequent reactions. 

D. Cospound 176. A solution of 18 mg of the 
resultant coopound of Bxasple 176C in CHjClj was added, 
5 at ambient tenperatxxre \mder eui atmosphere of nitrogen, 
to a solution of 13 mg of the resultamt compound of 
Exanple 48A and 14 mg N,N-diisopropylethylamine in 
CHjClj. The mixture was stirred for 16 h, diluted with 
CHjClj, washed with saturated NaHCOg and saturated NaCl, 

10 then dried over MgSO^, filtered, and concentrated 

in vacuo. The residue was purified by low pressure 
silica gel chromatography using 5% diethyl ether/CHjCl^ 
as the eluent to provide 9 mg of the title product as a 
white solid. TLC: Rf - 0.14, 5% diethyl ether/ CHj Clj . 

15 HPLC: Rt " 15.52 min; ' (^H) -NMR (CDCI3) consistent with 
structxire . 

Example 177 

A. (4-Metho3cyphenyl) -methyl-4-nitrophenyl carbonate. 
To a solution of 1.50 g of p-nitrophenyl chlorofonnate 

20 in 30 mL of CHjClj at 0«C was added sequentially, 

0.77 mL of 4-methoxybenzyl alcohol and 0.82 mL of 4- 
methyl morpholine. After stirring for a half hour at 
ambient ten?>erature, the resulting mixture was diluted 
with CHjClj, washed with water, brine, dried over 

25 magnesi^Jm sulfate, filtered and concentrated in vacuo 
to yield a pale yellow solid which v^s triturated with 
CHjClj/hexane and filtered to yield 1.51 g of the title 
conpotind. TLC: Rf = 0.40, 20% EtOAc/hexcme. 

B. Con^jotind 177. To a solution of 96.7 mg of the 
30 resultant compound of Exanple 141A in 2 mL of CHjClj 

was added sequentially, 90 fiL of diisopropylethylamine 
and 81.3 mg of the resultant compound of Example 178A. 
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reduced pressure. The crude product was purified via 
medium pressure liquid chromatography using a 
CHgOH/CHjClj gradient as eluant , to yield the product as 
0.59 g of a white solid. HPLC: Rt « 16.36 min, (^H)- 
5 NMR (CDCI3) consistent with structure. 

Example 173 

Con^sound 173. A solution of the resultant 
conpotind of Example 172C (0.20 g, 0.33 mmol) in EtOAc 
(10 mL) was treated under ambient temperature with 

10 50 mg of 10% palladium on carbon and hydrogenated for 
72 hours under a slight positive pressure of hydrogen. 
The mixture was filtered cuid concentrated in vacuo and 
the crude product purified via medium pressure liquid 
chromatography using CHjClj, followed by 1:99 

15 methanol/CHjClj, 3:97 methanol/CHjClj, and 10:90 

methanol/CHjClj as the solvent system to give 120.2 mg 
of the title compound as a light brown solid. TLC: Rf 
= 0.17, 3:97 methanol/C3l2Cl2# HPLC: Rt » 13.47 min, 
(^H)-NMR (CDCI3) consistent with structure. 

20 Example 174 

A. 4-Benzyloxyben2enesulfonyl chloride. To 0.87 g of 
dime thy Iformamide, at 0 under an atmosphere of 
nitrogen, was added 1.61 g of sulfuryl chloride. The 
mixture was stirred for 15 min and treated with 2.00 g 

25 of benzyl phenyl ether. The mixture was then heated at 
100*»C for 1.5 h, cooled to about AO'>C, poured onto ice, 
extracted with OLjCl^, dried over MgSO^, filtered, and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 10% ethyl 

BO acetate in hexane as eluent to provide 0.78 g of the 
title product as a white solid. TLC: Rf = 0.46, 10% 
ethyl acetate in hexane. (^H) -NMR {CDCI3) consistent 
with structure. 
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title con5)Oxind as a pale yellow solid. TLC: Rf « 0.40, 
20% EtOAc/hexane. 

B. Compound 179. To a solution of 97.8 zng of the 
resultant compound of Example 141A in 2 inL of CH2CI2 
5 was added sequentially, 99 fiL of diisoprophylethylamine 
and 89.2 mg of the resultant conpound of Exatnple 179A. 
After stirring for 24 hours the mixture was diluted 
with CH2CI2, washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
10 The residue was purified by preparative thin layer 
chromatography using 5% methanol in CH2CI2 eluent to 
yield 107.0 mg of the title conpound. TLC: Rf « 0.4, 
20% EtOAc/hexane, HPLC: Rt » 17.58 min. (^H)NMR 
(CDCI3) consistent with structure. 

15 gygntpilg X9Q 

A. 2,3-Dihydrobenzofuran-5-sulfonyl chloride. To. 
3.35 g of dimethylformamide, at O^'C under an atmosphere 
of nitrogen, added 6.18 g of sulfuryl chloride. The 
mixtxire was stirred 15 min and treated with 4.69 g of 

20 2,3-dihydrobenzofuran. ^e mixture was then heated at 
100®C for 1.5 h, cooled to about 40 ®C, poured onto 
ice, extracted with CH^Clj, dried over MgSO^, filtered, 
and -concentrated in vacuo. The residue was tciken up in 
ethyl acetate, cooled to 5 ®C for 16 h, and the 

25 resultant pink crystals collected by vacuum filtration 
to provide 6.12 g of the title product. TLC: Rf = 
0.41, 10% ethyl acetate in hexane. (^H) -NMR (CDCI3) 
consistent with structure. 

B. Compound 180. A solution of 32 mg of the 
30 resultant confound of Bxaxrple 140D in 4:1 

CH2Cl2/saturated aqueous NaLHC03 was treated 
sequentially, at ambient teir5)erature under cui 
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mixture was stirred 15 min and treated with 5.32 g of 

1.3- benxodioxole. The mixture was then heated at 120«*C 
for 45 min, cooled to about 40®C, poured onto ice, 
extracted with CHjClj, dried over MgSO^, filtered, cind 

5 concentrated in vacuo. The residue was purified by low 
pressure silica gel chromatography using 40% CH^Clj in 
hexane as eluent to provide 2.70 g of the title product 
as a yellow solid. TLC: Rf - 0.37, 40% CHjClj in 
hexane. (^H) -NMR (CDCI3) consistent with structure. 

10 B. Compound XXII (A = tert-butoxy, D' « isobutyl, E = 

3.4- benzodioxole) . A solution of 49 mg of the 
resultant coinpoiind of Example 39A in 4:1 
CHjClj/saturated aqueous NaHCOj was treated 
sequentially, at ambient temperature under an 

15 atmosphere of nitrogen, with 45 mg of the resultant 
comnpoxind of Example 176A and 28 mg of sodixom 
bicarbonate. The mixture was stirred for 14 h, diluted 
with CHjClj, washed with saturated NaCl then dried over 
MgSO^, filtered, and concentrated in vacuo. The 

20 residue was purified by low pressure silica gel 

chromatography using 20% diethyl ether/CH^Clj as the 
eluent to provide 71 mg of the title product as a waxy 
solid. TLC: Rf « 0.65, 20% diethyl ether/CHjClj . 
(^H) -NMR (CDCI3) consistent with structure. 

25 C. Compound XXII (A « H, D' = isobutyl, E = 3,4- 
benzodioxole, hydrochloride salt) . A solution of 71 mg 
of the resultant conqpound of Exairple 176B in ethyl 
acetate was treated at -20 <*C with HCl gas. The HCl 
was bxibbled through the mixture for 20 min over which 

30 time the temperature was allowed to warm to 20*»C. 

Nitrogen was then bubbled through the mixture for 15 
min and solvent removed in vacuo to yield 66 mg of the 
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gradient of 35% to 100% CHgCN/HjO with 0.1% TFA as 
eluant, 32.8 mg of the title coxnpound was obtained. 
TLC: Rf - 0.25, 4% MeOH/CHjClj* HPLC: Rt - 16.06 min; 
(^H)NMR (CDCI3) consistent with structure. 

5 B?gmp3,g l&l 

Coznpound 183. This conpound was prepared from the 
resultamt coznpotind of Bxajo^ple 84 by treatment with 
hydrogen chloride gas and subsequent reaction with the 
resultant compound of Bxaxnple 48A in the manner 
10 described in Bxanple 132. After wor]cup and 

purification by crystallization from EtOAc, 33.0 mg of 
the title compound was obtained as a white solid. TLC: 
Rf = 0.25, 4% MeOH/CHjClj. HPLC: Rt - 17.71 min; (^H) - 
NMR (CDCL3) consistent with structure. 

15 Bacample 184 

A. (N-tert-butoxycarbonyl) - (R) -3-pyrrolidinyl-N- 
hydro3^succinimidyl carboxiate. To a solution of 1.0 g 
of (R) -3-hydroxypyrrolidine in tetrahydrofuran (50 mL) 
was added sequentially, at ambient temperature, 3.75 g 

20 of di-tert- butyl dicarbocuite and 1 mL of 2N sodium 
hydroxide. The mixtxire was stirred for 1 hour, 
filtered and concentrated in vacuo. The resultant 
compoiind was reacted with N,N-disuccinimidyl carbonate 
in the manner described in Example 155A. Workup and 

25 purification by thick layer silica gel chromatography 
using an EtOAc eluent yielded the title compotind as a 
white solid; (^H}*NMR (CDCI3) consistent with 
structure. 

B. Cozcqpound 184. A solution of 350 mg of the 

30 resultant compound of Exanple 166A was deprotected with 
hydrogen chloride gas and the resultant confound was 
reacted with the resultant compound of Example 184A in 
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After stirring for 24 hours, the mixture was diluted 
with CH2CI2/ washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by preparative thin layer 
5 chromatography using 5% methanol in CSjClj eluent to 
yield 104.8 mg of the title coii5)Ound. TLC: Rf = 0.4, 
20% EtOAc/hexane, HPLC: Rt « 17.66 min, (^H)NMR (CDCI3) 
consistent with structure. 

Bxapmle 178 

10 A. (3-Methoxyphenyl) -methyl-4-nitrophenyl carbonate. 
Prepared by the same route as described for Exaxnple 
177A, except 3 -methoaqrbenzyl alcohol was utilized for 
reaction with p-nitrophenyl chloroformate to yield the 
title coir?)ound as a pale yellow solid. TLC: Rf = 0.40, 

15 20% EtOAc/hexane. 

B. Compoxind 178. To a solution of 97. B mg of the 
resultant conqpound of Exair5)le 141A in 2 mL of CH2CI2 
was added sequentially, 91 /iL of disopropylethylamine 
and 82.2 mg of the resultant con5)ound of Exaitple 178A. 

20 After stirring for 24 hours, the mixture was diluted 
with CH2CI2, washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated in vacuo. 
The residue was purified by preparative thin layer 
chromatography using 5% methanol in CH2CI2 eluent to 

25 yield 25.7 mg of the title con?)ound. TLC: Rf = o.4, 

20% EtOAc/hexane, HPLC: Rt = 17.75 min. {^H)NMR (CDCI3) 
consistent with structure. 

Example 179 

A. (2-Methoxyphenyl) -methyl-4-nitrophenyl carbonate. 
30 Prepared by the same route as described for Example 

177A, except 2-methoxybenzyl alcohol was utilized for 
reaction with p-nitrophenyl chloroformate to yield the 
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B. Coii5)oxind XXX ((syn, anti) -OH, A - carbobenzyloxy, 
r3 . (S) -sec-butyl, R^' - H, D' - benzyl. A' - H) , 
hydrochloride salt. A solution of 650 tag of the 
resultant conpound of Bxample 12A in 12 mL of ethyl 

5 acetate was cooled in an ice/water bath and treated 

with a slow stream of HCl gas for approximately 6 min 
with vigorous stirring. The mixture was capped and 
stirred for an additional 10 min, then purged %d.th a 
stream of nitrogen for 15 minutes and concentrated 
10 in vacuo to yield a \ih±te solid which was used without 
subsequent purification. TLC: Rf - 0.18, 95:5:0.5 
CH2Cl2/methanol/concentrated NH^OH. 

C. Compound 186. A solution of 20 mg of the 
resultcuit contpoiind of Exasqple 186B in 0.8 mL of 

15 methylene chloride was cooled in ice/methanol 

(approximately 15 "O , then treated with 13.8 fiL of DIEA 
followed by 7.6 mg of o- toluene sulfonyl chloride. The 
mixture was stirred for 15 h, %»arming slowly to ambient 
teir^erature . The mixttire was concentrated to a small 

20 volxane, applied to a 0.5 mm thick prep plate and eluted 
with 3.5% MeOH/CH2Cl2. The band containing the desired 
diastereomer was isolated and eluted with 8% 
MeOH/CH2Cl2 to yield 4.8 mg of the title coit?)ound. 
TLC: Rf = 0.42, 15* diethyl ether/CH2Cl2 . HPLC: Rt = 

25 17.81 min. NMR (CDCI3) : 0.78 (dd, 6H) 0.84 {m, IH) 
1.07, (m, IH) 1.76-1.86 (m, 2H) 2.72 (m, 2H) ; 
3.14 (s, 2H); 3.49 (dd, IH) ; 3.87 (dd, IH) ; 
3.58 (m, IH); 4.01 (d, IH) ; 4.14, (d, IH) ; 4.26, 
(d, IH); 4.35, (d, IH) ; 4.90, (m, IH) ; 5.08, (s, 2H) ; 

30 5.97, (d, IH), 7.08, (d, 2H) ; 717, (t, IH) ; 7.20-7.40, 
(m, 17H) . 
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atmosphere of nitrogen, with 22 mg of the resultant 
coxnpoxmd of Example 18 OA and IB mg of sodium 
bicarbonate. The mixture was stirred 14 h, diluted 
with CH^Cl^, washed with saturated NaCl then dried over 
5 MgSO^, filtered, and concentrated in vacuo. The 
residue was purified by low pressure silica gel 
chromatography using 20% diethyl ether/CHjCl^ as eluent 
to provide 20 mg of the title product as a white solid. 
TLC: Rf - 0.52, 20% diethyl ether/GH^Clj . HPLC: Rt « 
10 15.49 min (^H)-llMR (CDCI3) consistent with structure. 

Example 181 

Compound 181. A solution of the resultant conqpound of 
Exas^le 140D (150 mg, 0.4 mmol) in CH2CI2 (10 mL) was 
added a saturated solution of sodiiun bicarbonate (5 mL) 

15 followed by solid sodium bicarbonate (0.1 g, 1.2. mmol) 
and 4 - cyanobenzensulf onyl chloride (0.1 g , 0.48 mmol ) . 
The mixture was stirred at ambient tenqperature for 4 
hours. The solution was diluted with 200 mL CH2CI2/ 
the organics separated, dried over anhydrous MgSO^, and 

20 the organics concentrated under reduced pressure. The 
crude product was purified via medium pressure liquid 
chromatography using CH2CI2, followed by 1:99 
methanol /CH2CI2 solution as the solvent system to give 
0.19 g (86% yield) of the title con^^ound as a white 

25 solid. TLC: Rf » 0.40, 3:97 methanol/CH2Cl2r HPLC: Rt 
= 15.02 min, (^H)-NMR (CDCI3) consistent with 
structure . 



Example 182 

Compound 182. This compoxind was prepared from the 
30 resultant compound of Example 114D and the resultant 

coxtpound of Exaircple 48A in the same manner described in 
Example 88. After workup and purification by 
preparative reversed-phase C^g HPLC using a linear 



wo 94/05639 



PCT/US93/08458 



- 247 - 

reversed-phase C^^g HPLC using a linear gradient of 35% 
to 100% CHgCK/HjO with 0.1% TFA for elution to obtain 
2.1 mg of the title conpound. TLC: Rf « 0.25, 6% 
ChgCN/HjO with 0.1% TPA for elution to obtain 2.1 mg of 
5 the title compound. TLC: Rf - 0.25, 6% CH3OH in CHjClj. 
HPLC: Rt » 16.21 min; {^) -NMR (CDCI3) consistent with 
structure . 

BXWHPle 18? 

A. Con?)ound XXII {D» • isobutyl, A - H, E - 4- 

10 acetamidophenyl , trifluoroacetate salt). To a solution 
of 89.3 mg. (0.1S7 mmol) of the resultant conapound of 
Example 39B in CH^Cl^ (1 mL) at 0» to 5« C was added 
trifluoromethanesulfonic acid (1 mL) . After stirring 
for 0.5 h the res\iltant mixture was concentrated 

15 in vacuo and the resulting yellow gum used without 
subsequent purification. 

B. Coopound 189. A solution of the resultant 
compound of Exanple 189A (0.167 mmol) in CH2CI2 was 
treated sequentially, at ambient temperature under an 

20 atmosphere of nitrogen, with 44,2 mg (0.217 mmol) of N- 
Boc-a-aminoisobutyric acid, 0.044 mL (0.251 mmol) 
diisopropylethylamine, 27.1 mg (0.201 mmol) of 1- 
hydroxybenzotriazole hydrate, 38.5 mg (0.201 mmol) 1- 
( 3 - dime thy laminopropyl ) - 3 - ethyl carbodiimide 

25 hydrochloride. The mixture was stirred for 16 h and 
then concentrated in vacuo. The residue was taken up 
in ethyl acetate and washed with water, 0.5 N 
hydrochloric acid, washed with sodixim bicarbonate, 
saturated brine, dried over magnesium sulfate, filtered 

30 Hn r \ concentrated in vacuo. The residue was purified by 
low pressure silica gel column chromatography using a 
10% to 35% gradient of ethyl acetate/cai^Cl^ eluent to 
yield 69.3 mg of the title product as a white solid. 
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the manner described in Exaxrqple 88. After 
concentration of the mixture in vacuo and workup, the 
residue was purified by thick layer silica gel 
chromatography using 7* MeOH/CHjClj as eluant, to 
5 obtain 120 mg of the title compound. TLC: Rf « 0.45, 
5% MeOH/CHjClj. HPLC: Rt - 16.97 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Bxamplg 185 

Confound 185. A solution of 120 mg of the 
10 resultant confound of Example 184B in BtOAc (25 mL) at 
0**C was treated with anhydrous hydrogen chloride gas 
for 10 min., and allowed to stand for 12 h while 
warming to ambient tenperature. Concentration in vacuo 
yielded 110 mg of the title confound. TLC: Rf = 0.35, 
15 10% MeOH/89% CH2Cl2/l% NH4OH. HPLC: Rt « 13.72 min; 
(^H)-IMR (CDClg) consistent with structure. 

Example Ififi 

A. Compound XXX ( (syn, anti) -OH, A » carbobenzyloxy, 
R^ « (s) -sec-butyl, R^' - H, D' - benzyl, A' = tert- 

20 butoxycarbonyl) . A solution of 1.37 g of the resultant 
compound of Exaittple IB in 150 mL of methylene chloride 
was treated with 1.03 of Cbz-Ile, 523 mg of HOBT^HjO, 
and 742 mg of EDC. The mixture was stirred for 18 h, 
then diluted with 3 yplmes of diethyl ether and washed 

25 sequentially with water, saturated NaHCOg solution, 10% 
KHSO4 solution, and brine. After drying over MgSO^ and 
concentrating in vacuo, the residue was purified by 
chromatography on a silica gel column using a gradient 
of 1% to 1.5% MeOH in CHjClj as eluant to yield 2.10 g 

30 of the title compound as a white foam. TLC: Rf = 0.51, 
5% methanol/CH^Cl^. 
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carbon in 60 znL methanol and hydrogenerated for 24 
xinder a slight positive pressure of hydrogen. The 
mixture was filtered and concentrated in vacuo to yield 
1.34 g of the mixed diastereomeric products. TLC: Rf ^ 
5 0.33, 10% CHgOH/CHjClj. 

B. (2S) -2-Benzyl03^Ccurbonylamino-N^ - ( (IS, 2RS) -1- 
benzyl - 3 - chloro- 2 - hydroxypropyl ) -N^ - 1 ri tyl succinamide . 
A solution of 1.34 g (6.71 mmol) of the resultant 
compounds of Example 191A in 60 mL of dichloromethane 

10 was treated sequentially, at ambient temperature under 
an atmosphere of nitrogen, with 3.58 g (7.05 mmol) of 
Cb2-N* -trityl-asparagine, 0.95 g (7.05 mmol) of 
l-hydroxybenzotriazole hydrate, 1.35 g (7.05 mmol) of 
EDC. The mixture was stirred for 24 hours and then 

15 concentrated in vacuo. The residue was taken up in 

ethyl acetate and washed with water, saturated NGaiC03, 
saturated NaCl; dried over MgS047 filtered and 
concentrated in vacuo. The residue was purified by low 
pressure silica gel column chromatography using 10% 

20 ethyl ace tate/dichloromethane as eluent to yield 3.08 g 
total of the mixed diastereomeric products. TLC: Rf « 
0.75, 0.83, 40% EtOAc/CHjClj; (^H) -NMR (CDCI3) 
consistent with structure. 

C. (2S)-2-Amino-N^-((lS, 2RS) -l-ben2yl-3-chloro-2- 
25 hydroxypropyl) -N^-tri tyl succinamide. A solution of 

2.80 g (4.06 mmol) of the resultant conqpounds of 
Example 19 IB in 5 mL of methanol was added, at ambient 
temperature \inder a nitrogen atmosphere, to a slurry of 
0.28 g (10% by weight) of 10% palladium on carbon in 
30 100 mL methanol and hydrogenated for 24 h under a 

slight positive pressure of hydrogen. The mixture was 
filtered and concentrated in vacuo to yield 2.26 g of 
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Example 187 

Conpoxind 187. 100 mg of the resulting 
con^>ound 54A was treated with 1 xnL of 90% aqueous TFA 
and allowed to stand for 12 h. The mixture was 
5 concentrated in vacuo and the residue taken up in 10 mL 
of dry CHjClj, treated with 65 mg of N-Cbz-L-isoleucine 
(0.235 mmol) , 50 fjLL of DIBA (0.27 mmoles) , 30 mg of 
HOBt (0.22 mmoles), and 42 mg of l-(3- 
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride 

10 (0.22 mmoles) . The mixture was stirred for 3 h, then 
diluted with in CHjCl^ and washed sequentially with 
water, saturated NsiHCOj solution, cmd brine. After 
drying over MgSO^ and concentrating in vacuo, the 
mixture was purified by chromatography on a silica gel 

15 column using 5% CH3OH in CH^Clj as eluent to yield the 
title confound, a portion which was purified by 
preparative reversed-phase C^^g HPLC using a linear 
gradient of 35* to 100% CHgCW/HjO with 0.1% TFA for 
elution to obtain 36.0 mg 99.0% pure compound. TLC: Rf 

20 = 0.25, 5% CH3OH in CH^Clj. HPLC: Rt = 16.45 min; 
(^H) -NMR (CDCI3) consistent with structure. 

Example 18B 

Compound 188. A solution of 51 mg of the 
resulting coni)ound of Exair5)le 187A in 15 mL of methanol 

25 was hydrogenated under a slight positive pressure of 

hydrogen in the presence of 10 mg of 10% Pd(0H)2 for 14 
h. After filtering and concentrating in vacuo, the 
crude mixture was taken up into 10 mL CH2CI2 and treated 
with 0.203 mL of DIEA and 19.0 mg of 2-quinoxaloyl 

30 chloride. The mixture was stirred for 6 h, then 
diluted with CHjCl^ and washed with water. After 
dryuing over MgSO^ and concentrating in vacuo, a 
portion of the mixture was purified by preparative 



wo 94/05639 



PCT/US93/08458 



- 251 - 

F. (2S)-2-((lS, 2 syn, anti)-3-(2- 
methylpropyl)ainino-l-beiizyl-2-hydrc»OTropyl) -N^ - 
( (guinoline-2-carbonyl) -amino) -N^-trityl succinamide. 
A solution of 207.6 mg (0.26 mmol) of the resul taint 
5 compoxinds of Exanple 191E and 0.5 mL (5.17 mmol) of 

isobutylamine in 9 mL of acetonitrile in a sealed txibe 
was heated to reflux for 24 hoxirs. After cooling to 
room tenperature, the mixtxxre was concentrated 
in vacuo. The residue was taken up in dichloromethane 
10 and washed with water, sat\xrated NaCl, dried over 
MgS04, filtered and concentrated in vacuo to yield 

209.2 mg of the mixed diastereomeric products. TLC: Rf 
» 0.11, 10% CH3OH/CH2CI2; (^H)-NMR (CDCI3) consistent 
with structure. 

15 G. Coir?>ound XIV ( (syn, anti) -OH, A « quinoline-2" 
carbonyl, D' « isobutyl) . - A solution of 192,9 mg 
(0.26 mmol) of the resultant compounds of Example 191F 
and 0.07 mL (0.388 mmol) of diisopropylethylamine in 
5 mL of dichloromethane %ms treated with 112.9 mg 

20 (0.517 mmol) of di-tert-butyldi carbonate. After 

24 hours, the mixture was diluted with dichloromethane. 
The mixture washed with water, 5% NaHCOg, 0.5 N HCl, 
saturated NaCl, dried over MgSO^, filtered and 
concentrated in vacuo. The residue was purified by low 

25 pressure silica gel column chromatography using 40% 
ethyl acetate/dichloromethane as eluent to yield 

147.3 mg of the mixed diastereomeric products. TLC: 
Rf = 0.60, 0.67, 40% EtOAc/CHjClj; (^H)-NMR {CDCI3) 
consistent with structure. 

30 H. Compounds 191. A solution of 147.3 mg 

(0.174 mmol) of the resultamt con^joxinds of Example 191G 
in 2 mL of dichloromethane was treated with 2 mL of 
trifluoroacetic acid. After 4 hours, the mixture was 
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TLC: Rf - 0.46, 60% ethyl acetate/CHjClj, HPLC: Rt = 
15.0 min; (^H) -NMR (CDCI3) consistent with structure. 

A. Conpound XXXI (A - H, R^ « methyl, R^' » methyl, D' 
5 = isobutyl, E - 4-acetamidophenyl, hydrochloride salt) . 

To a solution of 60.1 mg of the resultant compoxind of 
Example 189B in CHjClj (1 mL) at 0** to 5 ®C was added 
trifluorometheinesulfonic acid (1 mL) . After stirring 
for 0.75 h, the resultant mixture was concentrated 
10 in vacuo and the resxilting white solid used directly 
for subsequent reaction. 

B. Conpound 190. To a solution of 37 mg (0.059 mmol) 
of the resultant conpound of Exanple 19 OA in C3I2CI2 

(3 mL) was added sequentially, at ambient temperature 
15 under an atmosphere of nitrogen, with 15.4 mg 

(0.089 mmol) of 1-hydroxybenzotriazole hydrate, and 
17.8 mg (0.089 mmol) EDC. The mixture was stirred for 
16 h and then concentrated in vacuo. The residue was 
taken up in EtOAc cmd washed with saturated brine, 
20 dried over magnesiima sulfate, filtered and concentrated 
in vacuo. The residue was purified by thin layer 
silica gel column chromatography using 50% of EtOAc in 
CHjClj as eluent to yield 32.5 mg of the title product. 
TLC: Rf = 0.35, 50% EtOAc/CH2Cl2, HPLC: Rt = 15.65 min; 
25 (^H)-NMR (CDCI3) consistent with structure. 

Example 191 

A. (2S, 3RS) -S -Amino- 1-chloro- 2 -hydroxy- 4 - 
phenylbuteme) . A solution of 2.24 g (6.71 mmol) of 
( IS , 2RS ) - N- { 1 -benzyl - 3 - chloro - 2 - hydroxypropyl ) - 
30 benzyl oxycarbonylamine in 5 mL of methanol was added, 
at ambient ten5)erature under a nitrogen atmosphere, to 
a slurry of 0.22 g (10% by weight) of 10% palladium on 
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organic layer was washed with brine then dried over 

filtered emd concentrated in vacuo. The residue 
was purified by preparative HPLC to yield 8.3 mg of the 
title compound as a white solid; TLC: Rf « 0.10, 5% 
5 CHgOH/CHjClj; HPLC, Rt « 12.7 min; (^H) -NMR (CDCI3) 
consistent with structure. 

Conpotuid 194. To a solution of 13.0 mg 
(0.026 inmol) of the trifluoroacetic acid deprotection 

10 product described in Exaxnple 193 in 1 mL of 

di chl or omethane was sequentially added 0.3 mL of 
saturated NaHC03, small amount of solid NaHC03 and 
8.4 mg (0.033 mmol) of 5- (i80xazol*3-yl) thiophene-2- 
sulphonyl chloride. After 3 hours, the mixture was 

15 diluted with dichloromethane . The two layers were 

separated and the aqueous layer was extracted once with 
dichloromethane. The combined organic layer was washed 
with brine then dried over MgSO^, filtered and 
concentrated in vacuo. The residue was purified by 

20 preparative HPLC to yield 5.1 mg of the title product 

as a white solid; TLC: Rf - 0.27, 5% CH3OH/CH2CI2; HPLC, 
Rt «= 14.4 min; (^H) -NMR (CDCI3) consistent with 
structure. 

Example 195 

25 A. Compound XXII (A= (S) -3- tetrahydrofuryl , 

D'ocyclopentylmethyl, A' = tert-butoxycarbonyl) . To a 
solution of 264 mg of the resultant compound of Example 
140D in 10 mL of CH2CI2 was added 0.14 mL of 
disopropylethylamine and 175 mg of di-tert 

30 butylpyrocarbonate • After stirring for 4 hours, the 
mixture was diluted with 50 mL of CH2CI2, washed with 
0.5N of HCl and brine, dried over magnesium sulfate, 
filtered and concentrated in vacuo to yield 364 mg of 
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the mixed distereomeric products. TLC: Rf = 0.42, 10% 
CH3OH/CH2CI2. 

D. (2S)-2-((lS, 2RS)-l-Benzyl-3-chloro-2- 
hydroxypropyl) -N^ - { {quinoline-2-carboiiyl) -amino) -N*- 
5 trityl succinamide. A solution of 2.26 g (4.06 ramol) 
of the resultant compoiinds of Example 19 IC in 60 mL of 
dichloromethane was treated sequentially, at ambient 
temperature under an atmosphere of nitrogen, with 0.74 
g (4.27 mmol) of guinaldic acid, 0.58 g (4.27 mmol) of 

10 i-hydroxybenzotriazole hydrate, and 0.82 g (4.27 mmol) 
of EDC. After 24 hours, 30 mL of dichloromethane was 
added. The mixttire was washed with water, 5% NaHC03 
solution, saturated NaCl, dried over MgS04, filtered 
and concentrated in vacuo. The residue was dissolved 

15 in 50% ethyl acetate/hexane and filtered through a plug 
of silica gel. Removal of the solvents yielded 2.30 g 
of the mixed diastereomeric products. TLC: Rf « 0.53, 
0.58, 40% EtOAc/CHjClj; (^H)-NMR (CDCI3) consistent with 
structure. 

20 E. (2S) -2- ( (1S,2RS) - 1 -Benzyl -2 -hydroxy- 3 -iodopropyl) - 
N^- ( (quinoline-2-carbonyl) -amino) -N^- trityl 
succinamide. A solution of 1.05 g (1.48 xnmol) of the 
resultcint compoxuids of Exanqple 19 ID and 0.36 g 
(2.37 mmol) of sodium iodide in 15 mL of methyl ethyl 

25 ketone was heated to reflux for 24 hours. The mixture 
was cooled to room ten^erature and then concentrated 
in vacuo. The residue was tciken up in dichloromethane 
and washed with water, saturated NaCl, dried over 
MgS04, filtered and concentrated in vacuo to yield 

30 1.3 g of the mixed diastereomeric products. TLC: Rf = 
0.58, 0.65, 40% EtOAc/CHjClj; (^H) -NMR (CDCI3) 
consistent with structure. 
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A. (1S,2S) -N- (l-Isobutyl-3-chloro-2- 
hydroxypropyDbenzyloacycarbonylamine, To a solution of 
N-Cb2-leucine chloromethyl ketone (2,0g) in 20 mL of 
5 me t h anol was added, at 0*C, 1.0 g of sodium borohydride 
and the mixture was stirred at ambient temperature for 
24 h. The solution was concentrated under reduced 
pressure and the residue partitioned between 20 mL of 
sattirated aqueous NH^Cl and 500 ml of diethyl ether. 
10 The organic fraction was separated, dried over MgSO^ 
cmd concentrated in vacuo and the residue purified by 
^silica gel chromatography to yield 1.8 g of white 
solid. 

(IS) -1-1 (S) (Carboben2yloxy)amino-2-isobutyl- 
15 oxirane. To a solution of the resultant con?)oimd of 
Example 196A (300mg) in absolute ethanol was added 67 
mg of powdered KOH. The mixture was stirred for 3 h at 
ambient tenperature, filtered through diatomaceous 
earth, and concentrated in vacuo. The residue was 
20 dissolved in diethyl ether, dried over MgSO^, and 

concentrated to yield 230 mg of colorless oil, which 
was used directly for sxibsequent reaction. 

C. (2R,3S) -N^-Carbobenzyloxy-N^-isobutyl-l,3-diamino- 
2-hydroxy-5-methylhexane. A 230 mg portion of the 

25 resultcuit compound of exanple 19 6B was suspended in 

5 mL of isobutylamine and the mixture stirred overnight 
at ambient texr^^erature . The mixture was concentrated 
in vacuo to yield the title product as 179 mg of a 
white solid, which was used directly for sxibsequent 

30 reaction. 

D. Compoiind I (A « tert-butoxycarbonyl, x » 0,D = 
isobutyl, E « 4-methoxyphenyl, (s) -hydroxy) . Following 
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concentrated in vacuo. TLC: R£ - 0.11, 10% 
CH30H/CH2C12* To a solution of the resultant confound 
in 2 xnL of dichloromethane was sequentially added 
0.5 mL of saturated NaEC03, small amoiint of solid 
5 N0LHCO3 and 67 xng (0.226 mmol) of a mixture of 4- 

acetamido-3-fluorobenzenesulphonyl chloride and 3- 
acetamido-4 - f luorobenzenesulphonyl chloride • After 
3 hours, the mixture was diluted with dichloromethane. 
The two layers were separated and the aqueous layer was 

10 extracted once with dichloromethane. The coxiibined 

organic layer was washed with saturated NaCl then dried 
over MgSO^, filtered and concentrated in vacuo. The 
residue was purified by low pressure silica gel colxunn 
chromatography using 2% methanol/dichlorome thane was 

15 eluent to yield 64 mg of the mixed diastereomers and 
regioisomers which were further purified with 
preparative HPLC to yield 18.9 mg of the mixed 
regioisomers con?)rising. compounds. 191 as a white solid. 
TLC: Rf = 0.14, 5% CH3OH/CH2CI2 ; HPLC, Rt = 13.36 min; 

20 (^H)-NMR (CDCI3) consistent with structure. 

Example 193 

Conpound 193. A solution of 81.2 mg 
(0.096 mmol) of the resultcint lower Rf diastereomer of 
Example 9/192A in 3 mL of dichloromethane was treated 

25 with 3 mL of trif luoroacetic acid. After 4 hours, the 
mixture was concentrated in vacuo. TLC: Rf = 0.11, 10% 
CH30H/CH2C12- To a solution of 20.6 mg (0.0431 mmol) of 
the resultant residue in 1 mL of dichloromethane was 
sequentially added 0.3 mL of saturated NaHCOg, small 

30 amoxint of solid NaHCOg and 12.4 mg (0.053 mmol) of 4- 

acetamidobenzenesulphonyl chloride. After 3 hours, the 
mixture was diluted with dichloromethane. The two 
layers were separated emd the aqueous layer was 
extracted once with dichloromethane. The combined 
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In Table VIli, the following classifications 
have been enqployed: 

A: inhibits HIV replication at concentration of 

100 nM or less. 
B: inhibits HIV replication at concentration of 

between 101 and 1,000 nM. 
C: inhibits HIV replication at a concentration 

of between 1,001 and 10,000 nM. 
D: inhibits HIV replication at a concentration 

of between 10,001 and 40,000 nM. 
ND: not tested. 
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the title compound as a white solid which was used 
without siabsequent purification. TLC: Rf = 0.58, 40% 
EtOAc/CH2Cl2 . 

B. A solution of 334 mg of the resultant coicpound of 
5 Exaznple 195A in 5 znL of ethanol was hydrogenated under 

30 psi of hydrogen in the presence of 80 mg of platinum 
(IV) oxide for 24 hours. The mixture was filtered and 
concentrated. The residue was purified by a low 
pressure silica gel coltunn chromatography using 20% 
10 EtOAc in CHjClj eluent to yield 268 mg of the title 

conqpound. TLC: Rf - 0.55, 40% EtOAc/CH2Cl2 . {^H)-NMR 
(CDClg) consistent with structure. 

C. A solution of 268 mg of the resultant conpound of 
Example 195B in 10 mL of EtOAc was treated with 

15 anhydrous HCl gas for 5 min. The reaction mixture was 
sparged with nitrogen then concentrated in vacuo and 
the resulting white solid used without subsequent 
purification for sxibseguent reaction. 

D. Compound 195. To a solution of 233 mg of the 
20 crude resultant conpound of Example 195C in 10 mL of 

CH2CI2 was added 2 mL of saturated aqueous sodiiim 
bicarbonate and 149 mg of 4-methyloxybenzene sulfonyl 
chloride. After 3 hours, the resulting mixture was 
diluted with CH2CI2, washed with sodium bicarbonate, 

25 brine, dried over magnesium sulfate, filtered and 

concentrated in vacuo. The residue was purified by low 
pressure silica gel column chromatography using 0% to 
20% EtOAc/CH2Cl2 to yield 225 mg of the title con5)ound 
as a white solid. TLC: Rf = 0.40, 20% EtOAc/CH2Cl2; 

30 HPLC: Rt = 15.65 min.: (^H)NMR (CDCI3, consistent with 
structure . 
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TABLE VTT (canH'A) 
ComPgyn<< Kj^alue compound J^j^alus Compound KjValue 



162 


0 5 

WaW 


163 


V«w 


164 


130 


165 


0.4 


166 




1 D/ 




168 

1 wo 


w*D 


1 WW 




1 /w 


n 9 


171 


ri 0 


172 


91 


1 /o 


u*o 


174 


10 


175 


0.1 


1 /O 


<0.1 


1 // 


<0. 1 


1 /O 


0.1 


1 73 


0.4 


1 on 


<0.1 


181 


0.3 


182 


0.2 


183 


0.1 


184 


5.0 


185 


3.5 


186 


140 


187 


0.3 


188 


11.5 


189 


5,500 


190 


ND 


191 . 


33 


192 


67 


193 


400 


194 


350 


195 


0.2 


196 


ND 
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the procedure described in Exanple 81, a solution of 
the resultant conqpound of eaoit^Jle 19 6C (170mg) in CH^Clj 
was reacted with 4-methoxyben2en3culf oyl chloride (150 
mg) in the presence of aqueous NaHCOj. Workup and 
5 silica gel chromatography yielded 90 mg of product as a 
white solid. 

E. Con5)ound I (A-H, x«0, D-isobutyl, E « 4- 
methoxyphenyl, (S) -hydroxy) . A solution of the 
resultant compound of Bxanple 196D (90 mg) in ethanol 

10 was treated with 50 mg of 10% palladium on carbon and 
the xoixture stirred under an atmosphere of hydrogen. 
After conqpletion of reaction, the mixture was filtered 
and concentrated in vacuo to yield 60 mg of the title 
coxnpound which was used directly for subsequent 

15 reaction. 

F. Confound 196. Reaction of the resultant compound 
of Exairple 196E (60mg) in CH2CI2 was reacted with the 
resultant product of example 48A (150 mg) as described 
earlier yielded, following aqueous workup, drying over 

20 MgSO^, filtering, and concentration in vacuo, a residue 
which was purified by silica gel chromatography using 
methanol/CHjCLj as eluant to yield the title product as 
40 mg of white solid, [^h] -NMR (CDCI3) consistent with 
structure . 

25 Bx^;Le ?-?7 

We measured the inhibition constants of the 
compounds listed in Table VII against HIV-l protease 
using the above- cited method of Pennington et al. 

We also measured the ant i -viral potency of 
30 the corapotmds in CC3M-CEM cells by the above- cited 

method of Meek et al. In the Tables below, Kj and ICgQ 
values are expressed in nM. 
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TABLE VIH (eonf dl 



10 



15 



20 



25 



30 



35 



40 



45 



50 



4 An 

109 


B 


163 


B 


110 


NO 


164 


ND 






165 


B 


111 


C 


166 


A 


112 


B 


167 


B 


4 4 O 

113 


B 


168 


A 


114 


B 


169 


A 


115 


B 


170 


B 


116 


A 






117 


C 


171 


A 


118 


B 


172 


ND 


119 


C 


173 


A 


120 


NO 


174 


ND 


121 




175 


A 


C 


176 


ND 


122 


c 


177 


ND 


123 


ND 


178 


NO 


124 


0 


179 


ND 


125 


B 


180 


NO 


126 


ND 




127 


NO 


181 


ND 


128 


NO 


182 


B 


129 


NO 


183 


B 


130 


NO 


184 


NO 


131 




185 


NO 


NO 


186 


NO 


132 


NO 


187 


B 


133 


NO 


188 . 


C 


134 


NO 


189 


NO 


13R 


Q 


190 


ND 


136 


NO 


137 


NO 


191 


C 


138 


B 


192 


c 


139 


B 


193 


ND 


140 


A 


194 


ND 


141 




195 


A 


B 


196 


ND 


142 


A 






143 


A 






144 


B 






1 •»o 


p 

D 






146 


B 






147 


B 






148 


A 






149 


B 






150 


B 






151 


C 






152 


ND 






153 


ND 






154 


NO 






155 


B 






156 


B 






157 


B 






158 


A 






159 


B 






160 


A 






161 


NO 






162 


C 
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1 


4.0 




2 


2.0 


5 


3 


32 




4 


19 




C 

9 


2.0 




6 


3.0 




7 


8.0 


10 


8 


850 




9 


4.0 




10 


4.0 




11 


34 




12 


0.1 


15 


13 


0.2 




14 


0.1 




1 o 


<0.1 




16 


<0.1 




17 


<0.1 


20 


18 


<0.1 




19 


<0.1 




20 


0.1 




21 


0.7 




22 


1.0 


25 


23 


1.5 




24 


32.500 






O AAA 




26 


0.1 




27 


8.0 


30 


28 


17 




29 


17 




30 


61 




31 


ND 




32 


2.5 


35 


33 


80 




34 


17 










36 


19 




37 


0.1 


40 


38 


1.5 




39 


17 




40 


1,100 




41 


220 




42 


46 


45 


43 


4,200 




44 


5.0 




45 


6.0 




46 


154 




47 


4.0 


50 


48 


1.4 




49 


9.0 




50 


11 




51 


ND 




52 


0.4 


55 


53 


27 




54 


22 
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Cprppowntf KjValue Compound K;value 



55 


430 


109 


6.0 


56 


60 


110 


28 


57 


200 






58 


34 


111 


0.3 


59 


206 


112 


4.0 


60 


4.0 


113 


3.0 






114 


0.35 


61 


4.0 


115 


0.5 


62 


72 


116 


<0.1 


63 


7.0 


117 


0.26 


64 


3.0 


118 


<0.1 


65 


0.7 


119 


1.8 


66 


0.4 


120 


11 


67 


7.400 






68 


120 


121 


2.0 


69 


42 


122 


1.2 


70 


25 


123 


10 






124 


1.1 


71 


470 


125 


0.3 


72 


4000 


126 


310 


73 


140 


127 


650 


74 


11 


128 


>5000 


75 


290 


129 


19 


76 


ND 


130 


14 


77 


ND 






78 


ND 


131 


60 


79 


ND 


132 


6.0 


80 


ND 


' 133 


24 


81 




134 


8.4 


2.3 


135 


2.7 


82 


1.5 


136 


18 


83 


ND 


137 


26 


84 


1.4 


138 


1.4 


85 


4.0 


139 


1.2 


86 


5.0 


140 


<0.1 


87 


10 






88 


1.4 


141 


0.1 


89 


2.0 


•142 


<0.1 


90 


93 


143 


<0.1 






144 


8.0 


91 


2.5 


145 


1.4 


92 


20 


146 


2.0 


93 


0.8 


147 


1.6 


94 


1.7 


148 


0.2 


95 


1.3 


149 


1.7 


96 


8.0 


150 


6.0 


97 


2.5 




98 


0.5 


151 


0.8 


99 


0.24 


152 


2.5 


100 


0.16 


153 


0.2 






154 


0.5 


101 


250 


155 


1.7 


102 


33 


156 


2.8 


103 


4.5 


157 


0.7 


104 


5.5 


158 


<0.1 


105 


7.5 


159 


0.2 


106 


1.4 


160 


1.0 


107 


1.4 




108 


2.0 


161 


20 
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We claim: 

1. A caopound of fozmula I: 

D 

I 

A— (B),r*l»-CH— CH-CHj-N— SO2-E rj 

111 ^ 

H OH D' 

wherein: 

A is selected from the group consisting of H; 
Het; -R^-Het; -R^-q-Cj alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, c^-c^ alkoxy, Het, -0- 
Het, -Nr2-CO-N(r2) (r2) and -CO-NCR*) (R^) ; and -R^-Cj-Cg 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
hydroxy, C^-C^ alkoxy, Het, -0-Het. -NR^-CO-NCR*) (R*) 
and -CO-N{R*) (R*) ; 

each R^ is independently selected from the 
group consisting of -C(0)-, -SiO)^-. -C(0)-C{0)-, -o- 
C(0)-, -0-5(0)3, -NR^-S(0)2-, -NR^-C(O)- and -NR^-cfO)- 
C(0)-; 

each Het is independently selected from the 
group consisting of C3-C7 cydoalkyl; C5-C7 
cycloalkenyl ; C^-C^q aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
heteroatoms selected from N, N(R*) , 0, S and S(0) 
wherein said heterocycle may optionally be benzofused; 
and wherein any member of said Het may be optionally 
substituted with one or more substituents selected from 
the group consisting of 0x0, -OR*, -R*, -N(R*) (R*) , 
-R*-OH, -CN, -CO2R*, -C(0)-N(r2) (r2), -S (Oj-NCR*) (R*) , 
-N(R*).C(0)-R2. -C{0).R*, .S(0)„-r2, -OCFj, .S(0)^-Ar, 
methylenedioxy, -NCR*) -S (O) j (R*) , halo, -CFg. -No". Ar 
and -0-Ar; 
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TAPI-E V!ll 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



iDound ICqq Ranae 


Comoound 


tC^n Ranae 


1 


C 


55 


ND 


2 


B 


56 


ND 


3 


C 


57 


ND 


4 


C 


58 


ND 


5 


B 


59 


ND 


6 


B 


60 


C 


7 


D 






8 


ND 


61 


C 


9 


B 


62 


ND 


10 


B 


63 


C 


n 


ND 


64 


C 


12 


A 


65 


c 


13 


A 


66 


B 


14 


A 


67 


ND 


15 


A 


68 


ND 


16 


B 


69 


ND 


17 


B 


70 


ND 


18 


B 






19 


B 


71 


ND 


20 


A 


72 


ND 


21 


A 


73 


ND 


22 


B 


74 


ND 


23 


B 


75 


ND 


24 


ND 


76 


ND 


25 


ND 


77 


ND 


26 


B 


78 


ND 


27 


C 


79 


ND 


28 


ND 


80 


ND 


29 


C 






30 


ND 


81 


C 


31 


ND 


82 


C 


32 


c 


83 


ND 


33 


ND 


84 


C 


34 


ND 


85 


C 


35 


B 


86 


B 


36 


ND 


87 


C 


37 


B 


88 


B 


38 


C 


89 


C 


39 


c 


90 


ND 


40 


ND 










91 


B 


it 4 

41 


ND 


92 


ND 


42 


NO 


93 


B 


43 


ND 


94 


B 


44 


B 


95 


C 


45 


C 


96 


ND 


46 


ND 


97 


B 


47 


C 


98 


B 


48 


B 


99 


B 


49 


C 


100 


A 


50 


C 










101 


ND 


51 


C 


102 


ND 


52 


B 


103 


C 


53 


ND 


104 


c 


54 


C 


105 


NO 






106 


c 






107 


c 






108 


c 
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E is selected from the group consisting of 
Het; 0-Het; Het-Het; -NR^R^; C^-C^ alkyl, which 

may be optionally substituted with one or more groups 
selected from the group consisting of R* and Het; C^-Cg 
alkex^l, which may be optionally substituted with one 
or more groups selected from the grot:^ consisting of R^ 
and Het; Cg-Cg saturated carbocyde, which may 
optionally be sxibstituted with one or more groups 
selected from the group consisting of R* and Het; and 
Cg-Cg unsaturated Ceirbocycle, which may optionally be 
sxibstituted with one or more grot5>s selected from the 
group consisting of R^ and Het; fl n(^ 

each R* is independently selected from the 
group consisting of -OR^, -C(0)-I1HR*, -SCO^-NHR^, halo, 
-NR^-C(0)-r' and -CN.. 

2. The con?)oiind according to claim i, 
wherein said con^jound has the structure of formula 
XXII: 

H OH D' 

I f I ^ 
.N— SO2-E 




(XXII) 



wherein A, D' and E are defined as in claim l. 
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each is independently selected from the 
group consisting of H and C^-C^ alkyl optionally 
substituted with Ar; 

B, when present, is -N{R^) -C(R^) (R^) -C(0) - ; 

X is 0 or 1; 

each R^ is independently selected from the 
group consisting of H, Het, q-Cg alkyl, Cj-Cg alkenyl, 
Cj-Cg cycloalkyl and Cg-C^ cycloalkenyl , wherein any 
member of said R^, except H, may be optionally 
substituted with one or more substituents selected from 
the group consisting of -OR^, -C(0)-NH-R^, '^(0)^- 
N(R^)(R^), Het, -CN, -SR^, -CO^R^, NR^-C(0)-R^; 

each n is independently 1 or 2; 

D and D' are independently selected from the 
group consisting of Ar; C^-C^ alkyl, which may be 
optionally substituted with one or more groups selected 
from Cg-Cg cycloalkyl, -ORj, -R^, -0-Ar and Ar; C^-C^ 
alkenyl, which may be optionally substituted with one 
or more groups selected from the group consisting of 
C3-Cg cycloalkyl, -OR^, -R^, -0-Ar and Ar; Cg-Cg 
cycloalkyl, which may be -optionally substituted with or 
fused with Ar; and C^-Cg cycloalkenyl, which may be 
optionally substituted with or fused with Ar; 

each Ar is independently selected from the 
group consisting of phenyl; 3-6 membered carbocyclic 
ring and 5-6 membered heterocyclic ring containing one 

or more heteroatoms selected from 0, N, S, S(0) and 

2 ^ 
N(R ) , wherein said carbocyclic or heterocyclic ring 

may be saturated or unsaturated and optionally 
substituted with one or more groups selected from the 
group consisting of oxo, -OR^, -R^, -N(R^) (R^) , -n(R^). 
C{0)-R^, -R^-OH, -CN, -CO^R^, -C (O) -NCR^) (R^) , halo and 
-CF • 
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each is independently selected from the 
group consisting of -C(0)-, -SCO)^-, -C(0)-C(0)-, 
-0-C0-, -0-3(0)3- -Nr2-S(0)2-; 

each Het is independently selected from the 
group consisting of C3-C7 cydoallcyl; C5-C7 
cycloalkenyl ; C^-C^q aryl; and 5-7 membered saturated or 
unsaturated heterocycle, containing one or more 
^heteroatoms selected from N, O and S, which may 
optionally be benzofused; wherein any mexttber of said 
Het may be optionally sxibstituted with one or more 
substituents selected from the group consisting of 0x0, 
-OR^, -R^, -N(R^)2, -R^-OH, -CN, -CO^R^, -C(0)-N(R^)2 and 
-S(0)2-N(r2)2; 

each R^ is independently selected from the 
group consisting of H and C^-C^ alkyl; 

B, when present, is -NH-CH{R^) -C(0) - ; 

X is 0 or 1; 

R^ is selected from the group consisting of 
Het, C^-Cg al]cyl, C^-Cg alkenyl, Cj-Cg cycloalkyl and 
Cg-Cg cycloalkenyl, wherein any member of said R^ may be 
optionally substituted wi*th one or more substituents 
selected from the group consisting of -OR^, -C(0)-NH- 
R^, -S{0)^-N(R^)2, Het and -CN; 

n is 1 or 2; 

D and D' are independently selected from the 
group consisting of Ar; C^-C^ alkyl, which may be 
optionally substituted with Cg-Cg cycloalkyl or Ar; C^- 

alkenyl, which may be optionally substituted with C3- 
Cg cycloalkyl or Ar; Cg-Cg cycloalkyl, which may be 
optionally substituted or fused with Ar; suid C^-Cg 
cycloalkenyl, which may be optionally substituted or 
fused with Ar; with the proviso that when D is attached 
to N, D may not be methyl or C, alkenyl; 
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3. The confound according to claim l, 
wherein said coopoimd has the structure of formula 
XXIII: 

H 9H 1^°' 

O (XXIII) 

wherein x, Het, R^, D' and E are defined as 
in claim l. 

4. The confound according to claim l, 
wherein said congpoxind has the structure of formula 
XXXI: 

r3 r3 QH D' 



H 




(XXXI) 



wherein A, R^, D' and E are defined as in 



claim 1. 



5. A con5>oiind of formula I, wherein: 



A is selected from the group consisting of H; 
-R^-Het; -R^-Cj^-Cg alkyl, which may be optionally 
substituted with one or more groups selected from the 
group consisting of hydroxy, C^^-C^ alkoxy, Het and -O- 
Het; and -R^-Cj-Cg alkenyl, which may be optionally 
substituted with one or more groups selected from 
hydroxy, C^-C^ alkoxy, Het and -0-Het; 



wo 94/05639 



PCr/US93/08458 



- 269 - 

7. The caiq)ouiid according to claim 3, 

wherein: 

3 . 

R 18 selected from the group consisting of 
q-Cg alkyl, Cj-Cq alkenyl, Cg-Cg cycloallcyl, Cg-Cg 
cycloalkenyl and a 5-6 nenbered saturated or 
unsaturated heterocyde, wherein any member of said 
may optionally be siibstituted with one or more 
substituents selected from the group consisting of - 
Or2, -C(0)-NH-r2, -S(0)^N(r2) (r2)2, Het, -CN, -SR^, - 
CtOjR^, NR^-C(0)-r2; and 

D' is selected from the group consisting of 
C^-Cg alkyl and C3 alkenyl, wherein said alkyl or 
alkenyl may optionally be substituted with one or more 
groups selected from the group consisting of Cg-Cg 
cydoalkyl, -OR^, -0-Ar and Ar. 

8. The conpound accorddLng to claim 4, 

wherein: 

A is R^-Het; 

each R^ is independently C^-C^ alkyl, which 
may be optionally substituted with a substituent 
selected from the group consisting of -OR^, -C(0)-NH-R^, 
-S(0)j^N(R*)2, Het, -CN, -Sr2, -COjR^, -NR^-C (O) -R^; and 

D' is Cj^-C^ aakyl, which may be optionally 
substituted with a group selected from the group 
consisting of C3-C5 cydoalkyl, -OR^, -0-Ar and Ar; and 

E is selected from the group cbnsisting of 
Het, Het -Het and -NR^R*. 

9. A confound selected from the group 
consisting of: 

(S) -N-1- (3- ( (3-Acetylamino-4-fluoro- 
benzenesulfonyl) -benzyl -amino) - (IS, 2 syn) -l-ben2yl-2- 
hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide and (S) -N-1- (3- ( (4-Acetylamino-3-fluoro- 
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Ar is selected from the group consisting of 
phenyl; 3-6 membered carbocyclic ring and 5-6 membered 
heterocyclic ring containing one or more heteroatoms 
selected from 0, N and S, wherein said carbocyclic or 
heterocyclic ring may be saturated or unsaturated and 
optionally substituted with one or more groups selected 
from the group consisting of oxo, -OR^, -R^, -NCR^)^, • 
N(r2)-C(0)r2, -R^-OH, -CN, -CO^R^, -C(0)-N(R^)2, halo 
and -CF3; 

E is selected from the group consisting of 
Het; -0-R^; -NR^R^; C^-C^ al)qrl, which may be optionally 
substituted with one or more R* or Het; C^-Cg alkenyl, 
which nay be optionally sxibstituted with one or more R* 
or Het; C3-Cg saturated carbocycle, which may optionally 
be substituted with one or more R* or Het; and C--C,. 
unsaturated carbocycle, which may optionally be 
substituted with one or more R* or Het? 

each R* is independently selected from the 
group consisting of -OR^, -C{0)-NHR^, -StOj-NHR^, halo 
and -CN; and 

each R^ is independently selected from the 
group consisting of H and R^, with the proviso that at 
least one R^ is not H. 

6, The conpound according to claim 2, 

wherein: 

A is R^-Het; and 

D' is selected from the group consisting of 
Cj^-Cj alkyl and C3 alkenyl, wherein said alkyl or 
alkenyl may optionally be substituted with one or more 
groups selected from the group consisting of Cg-Cg 
cycloalkyl, -OR^, -0-Ar and Ar. 
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(S) -N-1- (3- ( (3-Acetylaxnino-4-fluoro- 
benzenesulf onyl ) - isobutyl -amino) - ( IS , 2 syn) - 1 -benzyl - 
2 -hydroxy -propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide (conqpound 16) ; 

(S) -N-1- (1- (S) -Benzyl-3- ( (4-acetylamino- 
benzenesulfonyl) -isobutyl -amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(con5)oxmd 17) ; 

(S) -N-1- (3- ( (5-Acetylamino-3-methyl-thiophene-2- 
sulf onyl ) - isobutyl -amino) - ( IS , 2 syn) - 1 -benzyl - 2 - 
hydroxy-propyl) -2- ( (quinoline-2-carbonyl) -amino) - 
succinamide {caavpovnd 18); 

(S) -N-1- (3- ( (3-Acetylamino-benzenesulfonyl) - 
isobutyl - amino) - ( IS , 2 syn) - 1 -benzyl - 2 -hydroaqr- propyl ) - 
2 - ( ( quinol ine - 2 - carbony 1 ) - amino ) - succinamide ( conpound 

19) ; 

(S) -N-1- (3- { {Benzo(l,2,5)oxadiazole-4-sulfonyl) - 
isobutyl -amino) - {IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) - 
2- ( ( quinoline -2- carbony 1) -amino) -succinamide (compound 

20) ; 

N-1- ( (lS-2 syn) -l-Benzyl-2-hydroxy-3- (1-isobutyl- 
3, 3 -dimethyl sulfonylurea) -propyl) -2- ( ( quinoline- 2- 
carbonyl ) - amino ) - succinamide ( compound 21); 

N-1- (3- ( (4-Acetylamino-benzenesulfonyl) -isobutyl- 
amino) - (IS, 2 syn) -1-benzyl -2 -hydroxy -propyl) -2- 
(pyridin-2 -yl -methoxycarbonyl) -succinamide ( coirqpound 

22) ; 

N-1- (3- ( (4-Acetylamino-benzenesulfonyl) -isobutyl- 
amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy -propyl) -2- 
(pyridin-4-yl-methoxycarbonyl) -succinamide (conqpound 

23) ; 

N-1- (3- ( (4 - Fluor o-benzenesulf onyl) - isobutyl - 
amino) - (IS, 2 syn) -1-benzyl- 2 -hydroxy -propyl) -2- 
(pyridin-2 -yl -methojqrcarbonyl) -succinamide ( compound 
26); 
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4-Pluoro-N- ( (2 syn,3S) -2-hyciroxy-4-phenyl-3- ( (S) - 
tetrahydrofiiran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulf onamide (conpound 35) ; 

3,4-Dichloro-N- ( (2 syii,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrof\iran-3-ylo3cycarbonylainino) -butyl) -N- 
isobutyl -benzenesxxlf onamlde (coopound 37) ; 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- (pyridin- 
3-yl-methoxycarbonylainino) -butyl) -isobutyl-sulfamoyl) - 
phenyl) *acetamide (conpoiuid 44) ; 

2,4-Dimethyl-thiazole-5-sulfonic acid- (1,1- 
dimethy 1 - e thoxycarbonylamino ) - ( 2 syn , 3 S ) - 2 - hydroxy - 4 - 
phenyl -butyl ) -isobutyl -amide (conqpound 46); 

N- (4- { { (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) - isobutyl - 
sulfamoyl) -phenyl) -acetamide (conpound 48) ; 

4-Fluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide and 4-Fluoro-N- ( (2 syn,3S)- 
2-hydroxy-4-phenyl-3- ( (R) -tetrahydrofuran-3- 
yloxycarbonylamiao) -butyl) -N- isobutyl - 
behzenesulfonamide (compounds 52); 

Benzo { 1,2, 5) oxadiazole- 5 -sulfonic acid ((2 
syn,3S) -2-hydroxy-4-phenyl-3- (pyridin-3-yl- 
me thoxycarbonylamino) -butyl ) - isobutylamide { coinpoxind 
66); 

N- (4- ( ( (2 syn,3S) -2-Hydroxy-4 -phenyl- 3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) - isobutyl- 
sulfamoyl -phenyl) -acetamide and N-(4-{((2 syn,3S)-2- 
Hydroxy - 4 - phenyl - 3 - ( ( S ) - t et rahydrof uran - 3 - 
yloxycarbonylamino) -butyl) - isobutyl -sulfamoyl) -phenyl) - 
acetamide (coirpounds 86) ; 

N- (2-Fluoro-5- { ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrcdiydrofuran- 3 -yloxycarbonylamino) -butyl) - 
isobutyl -sulfamoyl) -phenyl) -acetamide (compound 88); 
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N- (3- ( ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (ccsnpotind 91) ; 

4-Pluoro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- ( (R) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulf onamide (conpound 93); 

N- (4- ( ( (syn) -2-Hydroxy- (S) -4-phenyl-3- 
( (tetrahydro-furan- (R) -3-yl) -oxycarbonylamino) -butyl) - 
isobutyl -sulfamoyl) -phenyl) -acetamide (ccsnpound 94) ; 

4-Fluoro-N- (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (tetrcQiydro-furan- (R) -3-ylmethoxycarbonylamino) - 
butyl) -N- isobutyl -benzenesulf onamide and 4-Fluoro-N- (2 
syn,3S) -2-hydroxy-4-phenyl-3- { (tetrahydro-furan- (S) -3- 
ylmethoxycarbonylamino) -butyl) -N- isobutyl - 
benzenesulf onamide (cospounds 97) ; 

4-Pluoro-N- ( (2 syn,3S) - 2 -hydroxy- 4 -phenyl -3 - 
{pyridin-3-yl-methoxycarbonylamino) -butyl) -N- isobutyl - 
benzenesulf onamide (conqpound 98) ; 

4-Chloro-N- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- { (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) - isobutyl- 
benzenesulf onamide (compoxind 99) ; 

N- ( (2 syn,3S) -2 -Hydroxy- 4-phenyl-3- ( (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl- 4 -methoxy-benzenesulf onamide (compound 100) ; 

4-Fluoro-N- (2- (syn) -hydroxy-3- { (2-oxazolidon- (S) - 
4-yl) -methoxycarbonylamino) -4- (S) -phenyl -butyl) -N- 
isobutyl- benzenesulf onamide (conpound 109); 

Benzene- 1, 3 -disulfonic acid 1-amide 3- ((2 syn,3S)- 
2-hydroxy-4-phenyl-3- (3- (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -isobutyl -amide (coir5)ound 
112) ; 

Furan- 3 -sulfonic acid (2 syn,3S) -2-hydroxy-4- 
phenyl- 3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl ) - isobutyl - amide ( coitqpound 113 ) ; 
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N- ( (3-Allylo3^carbonylainino) - (2 syn,3S) -2-hydroxy- 
4 - phenyl - butyl ) - N - cydopenty line thy 1 - 4 - f luoro - 
benzenesiilf oneunide (campoiind 114) ; 

N-Cydopentylxnethyl-N- ( (B-ethoxycarbonylamino) - (2 
syn,3S) -2-hydro3cy-4-phenyl-butyl) -4-fluoro- 
benzenesulf onamide (con^ovmd 115) ; 

4-Chloro-N-cyclopentylniethyl-N- ( (2 8yn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
yloxycarboaylamino) -butyl) -beazenesulf onamide (compound 
116); 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S)-2- 
hydroxy-4-phenyl-3- (pyridia-3yl-methoxycarbonyl) - 
butyl) -benzenesulf onamide (con?)ound 118); 

N- (4- (Cyclopentylmethyl- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- { (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl ) - sul f amoy 1 ) - phenyl ) - ace tamide { compouxid 125); 

3- Chloro-N- ( (2 syn,3S) -2-hydro3cy-4-phenyl-3- { (S) - 
tetrahydrofuran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl -benzenesulf onamide (compound 138); 

4- Chloro-N-cyclopentylmethyl-N- (2- (syn) -hydroxy- 

3- ( (2-oxazolidon-4- (S) -yl -methyl) -oxycarbonylamino) -4- 
phenyl -butyl) -benzenesulf onamide (compound 139); 

N- cyclopentylmethyl -N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -4 -methoxy-benzenesulf onamide (compound 140); 

N- ( (3-allyloxycarbonylamino) - (2 syn, 3S) -2-hydroxy- 
4 - phenyl -butyl ) - N- cyclopentylmethyl - 4 -methoxy- 
benzenesulf onamide (compound 141) ; 

N-Cyclopentylmethyl-N- ( (2 syn, 3S) -2-hydroxy-4- 
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino) -butyl- 

4 - methoxy-benzenesulf onamide (coit^jound 142) ; 

Pyridine- 3 -sulfonic acid ((2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -isobutyl- amide, trif luoroacetic acid salt 
(conpoiind 144) ; 
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5-lsoxa20l-3-yl-tliiophene-2-stilfoixic acid ((2 
syn,3S) -2-hydroxy-4-phenyl-3- ( (S) -tetrcLhydrofuran-3- 
ylo3cycarbonylainino) -butyl) - isobutyl -amide ( conpoiind 
145); 

N- (4- ( (3- (Allyloxycarbonylamino) - (2 syn,3S) -2- 
hydroxy-4-phenyl-butyl) -cyclopentylmethylsiilfainoyl) - 
phenyl) -acetamide (conpoxind 146); 

N- (4- (Cydopentylxnethyl- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- (pyridin-3-yl-methoxycarbonylamino) -butyl) - 
sulfamoyl) -phenyl) -acetamide (compound 147); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl -3- ( (S) -tetrahydrofxiran-3-yloxycarbonylamino) - 
butyl) -benzenesulfonamide (confound 148); 

Pyridine- 3 -sulfonic acid cyclopentylmethyl- ( (2 
syn,3S) -2-hydro3qr-4-phenyl-3- { (S) -tetrahydrofuran-3- 
yloxycarbonylamino) -butyl) -amide (conpound 149) ; 

Piperidine-1- sulfonic acid ((2 syn, 3S) -2 -hydroxy- 
4-phenyl-3- ( (S) -tetrahydrofurcUL-3-yloxycarbonylamino) - 
butyl) - isobutyl -amide (compotind 150) ; 

N-4- ( (2- (syn) -Hydroxy-3- ( (2-methoxymethyl- 
aliyloxycarbonylamino) -4- (S) -phenyl -butyl) -isobutyl- 
sulfamoyl) -phenyl) -acetamide (ccmpoimd 155); 

1-Acetyl -2 , 3 -dihydro- IH- indole- 6 - sulfonic acid 
( (allyloxycarbonylamino) - (2 syn,3S) -2-hydroxy-4-phenyl- 
butyl ) - cyclopentylmethyl - amide ( conpound 156); 

1 - Acetyl -2,3- dihydro- IH- indole - 6 - sulfonic acid 
cyclopentylmethyl- ( (2 syn,3S) -2-hydroxy-4-phenyl-3- 
( (S) -tetrahydrofuran-3-yloxycarbonylamino) -butyl) -amide 
(compound 157) ; 

N-Cyclohexylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -4 -me thoxy- benzenesulfonamide (coit5)ound 158) ; 

N-Cyclohexylmethyl-4-fluoro-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) -tetrahydrofuran-3- 
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yl oxycarbonylamino ) -butyl ) -benzenesxil fonamide ( con^jound 
159); 

N- (4- (Cydohexylmethyl) - ( (2 Byn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -sulfamoyl -phenyl ) -acetamide (conpound l€0) ; 

N- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- (pyridin-4-yl- 
metho:qrcarbonylamino) -butyl) -N-i8obutyl-4-methoxy- 
benzenesulfonamide (confound 163) ; 

N- ( (2 syn,3S) -2-Hydro3cy-4-phenyl-3- { (syn) - 
tetrahydrofuram-S-ylca^carbonylamino) -butyl) -N- 
isobutyl -4 -methyl -benzenesiilfonainide (con?)ound 165) ; 

N-cyclopentylinethyl-4-hydroxy-N- ( (2 syn, 3S) -2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylainino) - 
butyl) -benzenesulfonamide (confound 166) ; 

N- ( (2 syn,3S) -2-Hydroxy-4-phenyl-3- { (S) - 
tetrcihydrofuran-3-ylo3cycarbonylainino) -butyl) -N- 
isobutyl-4-nitro-benzenesulfonamide (conpound 167); 

.. 4-Amino-N- ( (2 syn,3S)-2-Hydroxy-4-phenyl-3- ( (S) - 
tetrahydrofuran-3-ylo:^carbonylamino) -butyl) -N- 
isobutyl -benzenesulfonamide (cc3n5)oimd 168) ; 

N-Cyclopentylmethyl-4-hydro3qr-N- ( (2 syn,3S) -2- 
hydroxy- 4 - phenyl - 3 - ( ( S ) - tetrahydrof uran- 3 - 
yloxycarbonylamino) -butyl) -benzenesulfonamide (compound 
169); 

N- Cyclopentylmethyl -N-((2 syn,3S)-2- hydroxy - 4 - 
phenyl-3- ( (S) - tetrahydrof uran- 3 -ylo^qrcarbonylamino) - 
butyl) -4-nitro-benezensulfonamide (compound 170); 

4 -Amino-N- cyclopentylmethyl -N- ( (2 syn, 3S ) - 2 - 
hydroxy- 4-phenyl -3- ( (S) - tetrahydrof uran- 3- 
yloaqrcarbonylamino) -butyl) -benzenesulfonamide (compound 
171) ; 

2,4-Diamino-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) - tetrahydrof uran- 3 - 
yloaqrcarbonylamino) -butyl) -benzenesulfonamide (con?)ound 
173); 
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4 -Hydroxy (2 syn, 3S) -2-hydroxy-4-phenyl-3- ( (S) - 
tetrahydrof uran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compovmd 175) ; 

N-Cyclopentylinethyl-4-f luoro-N- ( (2 syn, 3S) -2- 
5 hydroxy-4 -pheny 1-3 - ( ( S ) -tetraOiydrof iiran-3 - 

y loxycarbony leunino ) -butyl ) -benzenesulfonamide ( compound 

182) ; 

3 , 4-Dichloro-N-cyclopentylmethyl-N- ( (2 syn, 3S) -2- 
hydroxy-4 -pheny 1-3 - ( (S) -tetrahydrof viran-3- 
10 yloxycarbonylamino) -butyl) -benzenesulf onamide ( compound 

183) ; 

Ben2yloxycarbonyl-(L) -isoleucine-N- (5- ( (3-amino- 
(2 syn,3S)-2-hydroxy-4-phenyl-butyl)-isobutyl- 
sulfamoyl) -2-f luoro-phenyl)-acetamide (compound 187) ; 
15 and 

N- ( ( 2 syn , 3 S ) -4 -Cyclohexy 1-2 -hydroxy-3 - ( ( S ) - 
tetraihydrofuran-3 -yloxycarbonylamino) -butyl) -N- 
cyclopentylmethyl-4-methoxy-ben2enesulfonamide 
(compound 195) . 

20 10. The compound according to claim 9, said 

compound being selected from the group consisting of: 

(S) -N-1- (1- (S) -Benzyl-2- (syn) -hydroxy 1-3- 
(isobutyl- (5-pyridin-2-yl-thiophene-2-sulf onyl) -amino) - 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 

25 (compound 12) ; 

(S) -N-1- ( 1- (S) -Benzyl-3- ( (4-f luoro- 
benzenesulf onyl) -isobutyl-amino) -2- (syn) -hydroxy- 
propyl) -2- ( (quinoline-2-carbonyl) -amino) -succinamide 
(compound 14) ; 

30 (S)-N-l-(3-( (4-Acetylamino-3-fluoro- 

benzenesulf onyl) -isobutyl-amino) - (IS, 2 syn) -l-benzyl- 
2-hydroxy-propyl) -2- ( (quinoline-2 -car bony 1) -amino) - 
succinamide (compound 15) ; 
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(S) -N-1- (3- { {Benzo(l,2,5)oxadia2ole-4-sulfonyl) - 
isobutyl- amino) - (IS, 2 syn) -1 -benzyl -2 -hydroxy- propyl) - 
2- ( (quinoline-2-carbonyl) -amino) -succinamide (conpound 
20) ; 

N- 1 - ( ( IS - 2 syn) - 1 -Benzyl -2 - hydroxy- 3 - ( 1 - isobutyl - 
3,3-dimethylsulfonylurea) -propyl) -2- ( (quinoline-2- 
carbonyl) -amino) - succinamide (compoiind 21) ; 

N-(4- ({(2 syn,3S) -2-Hydroxy-4-phenyl-3- ((S)- 
tetrahydrof uran- 3 -yloxycarbonylamino) -butyl) - isobutyl - 
sulfamoyl) -phenyl) -acetamide (conpound 48) ; 

N-((2 syn,3S)-2-Hydroxy-4-phenyl-3-((S)- 
tetrahydrof uran- 3 -yloxycarbonylami no) -butyl) -N- 
isobutyl - 4 -methoxy- benzenesixlf onamide (compound 100) ; 

4-Chloro-N-cyclopentylmethyl-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- ( (S) - tetrahydrof urcm- 3 - 
yloxycarbonylamino) -butyl) -benzenesulf onamide (coir?)0\ind 
116) ; 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulf onamide (compoiind 140); 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- (3-pyridin-3-yl-methoxycarbonylamino) -butyl- 
4 -methoxy-benzenesulf onamide (compound 142) ; 

N-Cyclopentylmethyl-N- ( (2 syn,3S) -2-hydroxy-4- 
phenyl -3- ( (S) - tetrahydrofuran- 3 -yloxycarbonylamino) - 
butyl) -benzenesulf onamide (compound 148); 

N- Cyclohexylmethyl - N- ( ( 2 syn , 3 S ) - 2 - hydroxy - 4 - 
phenyl-3- ( (S) -tetrahydrofuran-3-yloxycarbonylamino) - 
butyl) -4-methoxy-benzenesulf onamide (compound 158); 

N- (4- (Cyclohexylmethyl) - ( (2 syn,3S) -2-hydroxy-4- 
phenyl-3- ( (S) -tetrahydrofursLn- 3 -yloxycarbonylamino) - 
butyl) -sulfamoyl -phenyl) -acetamide (coir^iound 160) ; 

N-cyclopentylmethyl-4-hydroxy-N- ( (2 syn,3S) -2- 
hydroxy-4-phenyl-3- (pyridin-3-yl-methoxycarbonylamino) - 
butyl ) -benzenesulf onamide ( compound 166); 
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4-Amino-N- ( (2 syn, 3S) -2-Hydroxy-4-phenyl-3- ( (S) 
tetrahydrofxiran-3-yloxycarbonylamino) -butyl) -N- 
isobutyl-benzenesulfonemide (compound 168); 

4 -Amino-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 S ) -2 - 
5 hydroxy-4-phenyl-3- ( (S) -tetrahydrof uran-3- 
yloxycarbonylaInino) -butyl ) -benzenesulf onamide ( compound 
171) ; 

2 9 4 -Diamino-N-cyclopenty Imethy 1-N- ( ( 2 syn , 3 S ) -2 - 
hydroxy-4-phenyl-3-( (S) -tetrahydrof uran-3- 
10 y loxycarbony lamino) -butyl ) -benzenesulf onamide ( compound 
173); 

4-Hydroxy-N- (2 syn, 3S) -2-hycroxy-4-phenyl-3- ( (S) - 
tetrahydr of tiran-3-y loxycarbony lamino) -butyl) -N- 
isobutyl-benzenesulfonamide (compound 175) ; and 
15 N-((2 syn,3S)-4-Cyclohexyl-2-hydroxy-3-((S)- 

tetr ahydr of iiran-3-y loxycarbony lamino) -butyl) -N- 
cyclopentylmethyl -4 -methoxy-benzenesulf onamide 
(compound 195) . 

11. The compound according to claim l, 

20 wherein said compound has a molecular weight less than 
or equal to about 700 g/mol. 

12. A compound according to claim 11, 
wherein said compound has a molecular weight less than 
or equal to about 600 g/mol. 

25 13. A compound having the following 

structural and physicochemical characteristics: 

(1) a first and a second hydrogen bond 
acceptor moiety, at least one of which is more highly 
polarizable than a carbonyl, said moieties being the 

30 same or different, and being capable of hydrogen 
bonding with the hydrogen atoms of the flap water 
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molecule of an HIV aspartyl protease when the compound 
is boiind thereto; 

(2) stibstantially hydrophobic moieties which 
associate with the P^^ and P^* binding pockets of said 
HIV aspartyl protease when the coiopound is bound 
thereto; 

(3) a third hydrogen bonding moiety, which 
may be either a hydrogen bond donor or acceptor, 
capable of simultaneously hydrogen bonding to Asp25 and 
Asp25* of said HIV aspartyl protease when the compound 
is bound thereto; 

(4) an additional occupied volxmie of space 
of at least 100 when the compound is bound to the 
active site of said HIV aspartyl protease, said space 
overlapping with the volume of space that would be 
filled by a native substrate of said HIV aspartyl 
protease or a nonhyrolyzable isostere thereof; 

(5) a deformation energy of binding of the 
con5)oxind to said HIV aspartyl protease of not greater 
than 10 kcal/mole; and 

(6) a neutral or favorable enthalpic 
contribution from the svaa of all electrostatic 
interactions between the confound and the protease when 
the compoiind is bo\ind to said HIV aspartyl protease. 

14. The compound according to claim 13, said 
compoiind having the structure of formula XL: 

Z^-Q^-L^-M-L^-Q^-Z^ (XL) 

wherein: 

and are independently hydrogen bond 
acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an HIV aspartyl 
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protease, with the proviso that at least one of or 
is more highly polarizable than a csirbonyl; 

M is a hydrogen bonding moiety, which may be 
either a hydrogren bond donor or acceptor, capable of 
simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspartyl protease; 

and are independently acyclic or cyclic 
linker moieties; and 

each of and may be optionally present 
and, if present, are independently selected from groups 
which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
stLbstrate of said HIV aspartyl protease. 

15. The compound according to claim 14, 
wherein at least one of or is a sxibstituted 
sulfonamide. _ 

16. A pharmaceutical conposition effective 
against viral infection comprising a pharmaceutically 
effective amoxint of a cozrpound according to any one of 
claims 1-4 and 13-14 and a pharmaceutically acceptable 
carrier, adjuvant or vehicle. 

17. The pharmaceutical conposition according 
to claim 16, further comprising cm additional anti- 
viral agent. 

18. The use of a compoiind according to any 
one of claims 1-4 eUid 13-14 as a therapeutic agent 
against viral infection, said virus requiring an 
aspartyl protease for an obligatory life cycle event. 

19. The use according to claim 18, wherein 
said virus is HIV-1, HIV- 2, or HTLV. 
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20. The use of a conpound according to any 
one of claims 1-4 and 13-14, for inhibiting enzymatic 
activity in an aspartyl protease. 

21. The use according to claim 20, wherein 
said aspartyl protease is HIV protease. 

22. A method for preventing HTV infection in 
a mammal conprising the step of administering to said 
rnawm t?'! a pharmaceutically effective a m ount of a 
pharmaceutical conposition according to claim 16 or 17. 

23. A method for treating HIV infection in a 
mamnnal comprising the step of administering to said 
mammal a phaamaceutically effective amount of a 
pharmaceutical composition according to claim 16 or 17. 

24. The method according to claim 22 or 23, 
wherein said step of administering comprises oral 
administration or administration by injection. 

25. A method for identification, design, or 
prediction of an HIV protease inhibitor conprising the 
steps of: 

(a) selecting a candidate compound of 
defined chemical structure containing a first and a 
second hydrogen bond acceptor moiety, at least one of 
which is more highly polarizable than a carbonyl, said 
moieties being the same or different; a third hydrogen 
bonding moiety, which may be either a hydrogen bond 
donor or acceptor; and at least two substantially 
hydrophobic moieties; 
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(b) determining a low- energy 
conformation for binding of said coxrpotind to the active 
site of em HIV aspartyl protease; 

(c) evaluating the capability of said 
first and second hydrogen bond acceptor moieties to 
form hydrogen bonds to the flap water molecule of said 
HIV aspartyl protease when said compound is bound 
thereto in said conformation; 

(d) evaliiating the capability of said 
substantially hydrophobic moieties to associate with 
the and P^' binding pockets of said HIV aspartyl 
protease when said ccmpoiznd is bound thereto in said 
conformation; - 

(e) evaluating the capability of said 
third hydrogen bonding moiety to form hydrogen bonds to 
Asp25 and Asp25* of said HIV aspartyl protease when 
said compound is boxind thereto in said conformation; 

(f) evaluating the overlap of the 
occupied voliime of said compound when said compoiind is 
bound to said HIV aspartyl protease in said 
conformation and the occupied volume of a native 
substrate of HIV aspartyl protease or a nonhydrolyzable 
isostere thereof, when said polypeptide is bound to 
said HIV aspartyl protease; 

(g) evaluating the deformation energy 
of binding of said conqpoiind to said HIV aspartyl 
protease; 

(h) evaluating the enthalpic 
contribution of the sum of all electrostatic 
interactions between said conpotind and said HIV 
aspartyl protease when said cqmpoxind is bound thereto 
in said conformation; and 

(i) accepting or rejecting said 
candidate compound as an HIV protease inhbitor based 
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upon the determinations and evaluations carried out in 
steps (b) through (h) . 

26. An HIV protease inhibitor identified, 
designed or predicted by the method according to claim 
25. 

27. The HIV protease inhibitor according to 
claim 26, wherein said inhibitor has the structure of 
formula XL: 

Z^-Q^-L^-M-L^-Q^-Z^ (XL) 

wherein: 

cmd are independently hydrogen bond 
acceptor moieties capable of binding with the hydrogen 
atoms of the flap water molecule of an HIV aspartyl 
protease, with the proviso that at least one of or 
is more highly polarizable than a carbonyl; 

M is a hydrogen bonding moiety, which may be 
either a hydrogen bond donor or acceptor, capable of 
simultaneously hydrogen bonding to Asp25 and Asp25' of 
said HIV aspartyl protease; 

L^ cuid I? are independently acyclic or cyclic 
linker moieties; and 

each of Z^ and Z^ may be optionally present 
and, if present, are independently selected from groups 
which occupy a volume of space overlapping with the 
volume of space that would be filled by the native 
sxabstrate of said HIV aspartyl protease. 
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